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Abstract

Osbom, S., M. S., Spring 1999

Biological Sciences

Factors affecting the distribution and productivity of the American Dipper {Cinclus
mexicanus) in western Montana: Does streamside development play a role?
Advisors: Richard L. Hutto and Sallie Hejl
Human development is playing an increasingly important role in determining the
distribution and success of organisms. Habitat specialists, such as the American Dipper
{Cinclus mexicanus), are especially likely to be affected by anthropogenic modifications
to their habitat. To assess the effects of streamside development on dippers, I examined
factors affecting their distribution and productivity in the Bitterroot Valley and Mountains
of western Montana during 1996 and 1997.
I surveyed 23 creeks, located and monitored 49 nest sites, and conducted extensive
habitat analyses of dipper territories and non-use areas. Nest availability appeared to be
the most important factor in determining dipper distributions. In general, dipper
territories had more available nest substrates, were deeper and wider, had more boulders
and white water, and less gravel and silt than did non-use areas. Dipper territories and
non-use areas did not differ significantly in their levels of development. Although dipper
territories were more likely to occur in less developed portions of the streams, dippers did
not appear to avoid developed areas, as long as the development did not affect the
integrity of the streams themselves. For example, I found no dippers in stream segments
subjected to heavy cattle use. There was no significant difference between the number of
young fledged in developed vs. undeveloped territories (P = 0.264).
Bridges, which provide nest sites for dippers, have enabled breeding pairs to exploit the
productive lower reaches of streams, where natural nest substrates are scarce or absent.
However, bridge nests may be more prone to disturbance, flooding, and predation. I
therefore examined whether bridges might act as ecological traps for dippers. Although
nest success of natural nest sites was slightly higher than that of bridge sites, bridges
actually produced slightly more young. The difference, though, was not statistically
significant (P = 0.463). Bridges, which invariably occurred at lower elevations, enabled
dippers to breed earlier, allowing certain pairs to increase their productivity by double
brooding. Overall, streamside development that did not affect stream quality did not
appear to be detrimental to dippers, and in some instances, as in the case of bridges,
actually may provide some benefits.
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“Find a fall, or cascade, or rushing rapid, anywhere upon a clear stream,
and there you will surely find its complementary Ouzel, flitting about in
the spray, diving in foaming eddies, whirling like a leaf among beaten
foam-bells; ever vigorous and enthusiastic, yet self-contained, and neither
seeking nor shunning your company,..
He is the mountain stream’s own darling, the hummingbird of blooming
waters, loving rocky ripple-slopes and sheets of foam as a bee loves
flowers, as a lark loves sunshine and meadows. Among all the mountain
birds, none has cheered me so much in my lonely wanderings, — none so
unfailingly.”
John Muir
The Mountains of California, 1894
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INTRODUCTION
The distribution of organisms is generally contingent on the occurrence or
availability of particular biotic and abiotic resources. In the case of birds, the availability
of food, nest sites and réfugia, as well as factors such as habitat structure and levels of
inter- and intra-specific competition and predation, are paramount in determining the
selection of appropriate habitats by particular species (Hilden 1965, Cody 1985, Martin
1988). The proximate and ultimate factors determining species’ distributions are,
however, increasingly being affected by human presence and activity. Human activities
have changed both the composition and the spatial configuration of landscapes, and are
playing an increasingly important role in determining the distribution and success of
organisms (Dunning and Watts 1990, Freemark et al. 1995). Species vary greatly in their
overall needs and, consequently, in their particular niches. They differ, too, in their
ability to withstand changes to their habitats. Habitat specialists typically exploit a
narrower range of resources and have more restricted ecological needs than do generalist
species. As a result, specialist species are generally more limited in their distribution and
more vulnerable to anthropogenic modifications to their environments than are
generalists. This may be especially true for those species whose ecomorphology and
behavior have become tightly linked with key components of their selected habitats.
The five species of dippers comprising the family Cinclidae have evolved to
exploit an extremely restricted niche occupied by no other passerine and few other
birds. Dippers, the only truly aquatic songbirds, inhabit fast-flowing streams and are
distributed throughout the Palaearctic and northern Indomalayan, the western Nearctic

and restricted parts of the Neotropics. Swimming and diving in often fiigid waters,
dippers forage primarily for aquatic invertebrates (Bent 1948, Mitchell 1968, Ormerod
1985). Dippers are highly specialized and have evolved numerous traits that allow them
to successfully exploit their aquatic habitat. Studies, primarily of the American Dipper
{Cinclus mexicanus), have shown dippers to have extremely dense feathering, including
heavy down in the apteria region (Murrish 1970b), a highly enlarged uropygial (preen)
gland (Goodge 1957), nasal flaps to prevent water from entering their nostrils (Grinnell
and Storer 1924), a low metabolic rate (Murrish 1970b), greater hemoglobin
concentrations and oxygen capacity of the blood relative to that of terrestrial birds
(Murrish 1970a), increased powers of visual accommodation enabling them to see equally
well in air and water (Goodge 1960), muscular modifications in the wings for swimming,
and a molt more similar to that of waterfowl than to other passerines (Balat 1960,
Sullivan 1965,1973). Dippers are completely restricted to stream courses and rarely fly
over land. Indeed, overland movements by dippers are witnessed rarely enough to
warrant their inclusion in the literature (Skinner 1922, Bakus 1959a, Price 1975). Their
extensive adaptations to an aquatic environment and their complete dependence on the
productivity of streams (Price and Bock 1983) make dippers potentially quite vulnerable
to anthropogenic changes to their habitat.
Human activity has influenced the range and success of all dipper species
(reviewed in Tyler and Ormerod 1994). Beneficial activities include the construction of
bridges, which has provided dippers with additional nesting and roosting sites, allowing
them to expand their range into areas that were unusable prior to human modifications
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(Sullivan 1973, Tyler and Ormerod 1994). In western Montana, for example, the
construction of a road, which led to the building of many bridges over Lolo Creek,
allowed dippers to expand into the heretofore unused lower reaches of the stream
(Sullivan 1973). As of yet, however, the success of dippers using nest sites created by
humans relative to those using natural sites has been addressed in only one study of the
Eurasian Dipper (Shaw 1978). In addition to the possible benefits of bridges,
hydroelectric plants may also benefit dippers, in at least a portion of their seasonal cycle,
by keeping areas free of ice in the winter (Price 1975).
Negative impacts of humans on dippers involve, to a limited extent, direct
persecution, and, to a much greater extent, detrimental modifications to their habitat
through particular human activities. Dippers are not widely hunted, but were often
targeted for their occasional depredation of hatchery fish (Munro 1924, Bent 1948, Thut
1970). Removal of eggs by humans was the leading cause of nest failure in an extensive
European study (Shaw 1978) and disturbance by recreationists may have led to the
abandonment of additional nests (Shaw 1978). Human disturbance also negatively
affected nest success in the American Dipper (Price 1975). More significant, however,
have been large-scale effects of water pollution from logging (Phillips et al. 1964),
mining (Steiger 1940, Tyler and Ormerod 1994), industry and farming practices; the
construction of dams, reservoirs and hydroelectric schemes; deforestation of watersheds,
stream channelization, and the diversion of water for irrigation (Tyler and Ormerod 1994
and references therein, Tyler and Tyler 1996).

The direct effect of habitat changes, particularly of water quality changes, on
dippers has been examined primarily in the Eurasian Dipper {Cinclus cinclus) of Europe
and eastern Asia. Extensive studies of Eurasian Dippers in Wales and Scotland have
shown that dippers are less abundant and have longer territories on acidic streams than on
circumneutral ones, primarily because of a reduction in prey availability (Ormerod et al.
1985b, Ormerod et al. 1986, Ormerod and Tyler 1991, Vickery 1991, Ormerod and Tyler
1991, Vickery 1992). Preferred prey and calcium rich prey were significantly less
abundant in acidic streams than in circumneutral ones (Ormerod et al. 1986, Ormerod and
Tyler 1991, Tyler and Ormerod 1992). Dippers on acidic streams also expended greater
energy, yet had decreased energy gains (O'Halloran et al. 1990). Finally, dippers on
acidic streams experienced lower masses in the pre-breeding period (O’Halloran et al.
1990, Tyler and Ormerod 1992) and impaired breeding performance in the form of
delayed laying, reduced clutch sizes (Vickery and Ormerod 1990, Ormerod etal. 1991,
Vickery 1992), lower incidences of second broods (Ormerod et al. 1991, Vickery 1992),
and reduced total productivity (number of fledglings produced per pair per year) (Vickery
1992), compared to those on non-acidic streams. The increased stream acidity that has
negatively affected the Eurasian Dipper in Britain and resulted in its decline in certain
areas (Tyler and Ormerod 1992), is primarily due to the widespread afforestation of
stream catchments with conifer plantations, which has compounded problems of acid
deposition and the occurrence of base-poor rock (Harriman and Morrison 1982, Ormerod
et al. 1989). To date, no studies have specifically examined the impact that other
streamside land uses might have on dippers, though numerous threats to riparian systems
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and their biota have been identified (eg., Marchant and Hyde 1980, Chapman and
Knudsen 1980, Scullion et al. 1982, Kauffinan and Krueger 1984).
Studies of the American Dipper, which is similar ecologically to the Eurasian
Dipper, have thus far focused primarily on the biology and ecology of these birds (eg.,
Bakus 1957, Mitchell 1968, Sullivan 1973, Ealey 1977, Price and Bock 1983, Fite 1984).
None has examined the effect of human activities on dipper distributions or productivity,
although several individuals have noted the absence of dippers from particular areas after
the water was polluted by logging (Phillips et al. 1964) and mining (Steiger 1940; D.
Blacklund, pers. comm.). The American Dipper occurs only in western North America
and ranges from Alaska to Panama in Central America. Early naturalists, noting the
American Dipper’s close association with unpolluted montane streams (eg., Henderson
1908), viewed the bird as “the incarnation of all that is untamed, a wild spirit of the
mountain-stream ... This bird, more than all others, embodies the wild ” (Kirkham 1908).
Some worried that encroaching civilization could only be detrimental to the species,
assuming “its life habits [would] not permit it to flourish where people dwell” (Steiger
1940). Today, burgeoning human development is occurring throughout the American
Dipper’s range.
To examine the extent to which streamside development might be affecting dipper
distributions, densities, and productivity, I conducted a study in the Bitterroot Valley and
Mountains of western Montana during 1996 and 1997. Located primarily in Ravalli
County, currently the fastest growing county in Montana (Ludwick 1998), the Bitterroot
is experiencing rapid development that is increasingly encroaching on dipper habitat.

Numerous factors probably contribute to the successful use of particular areas by
breeding American Dippers. The availability of nest sites appears to be the principal
limiting factor determining American Dipper distributions and densities during the
breeding season (Sullivan 1973, Price and Bock 1973, Price and Bock 1983). In addition,
such factors as food availability (Price and Bock 1983) and stream geomorphology may
also contribute to the successful use of a particular area by breeding dippers (Figure 1).
To assess the effect of development on dipper distributions and productivity in the
Bitterroot, I first had to evaluate the importance of other habitat features in determining
dipper distributions and success. I did so by comparing such factors as topography,
stream geomorphology, and nest site availability in areas used by dippers with those in
areas not used by dippers. I then determined whether or not streamside development
appeared to be influencing dipper distributions and compared dipper productivity in
developed vs. non-developed areas.
American Dippers have been documented using bridges as nest sites since as early
as 1908 (Henderson 1908). By providing them with suitable nest sites in areas where
natural nest sites are typically scarce, bridges have allowed dippers to expand into the
productive lower reaches of streams. Increasingly, however, the presence of bridges is
tied to increased levels of human development. Bridge-nesting dippers thus may be more
subject to disturbance and human persecution, to predation by predators that are typically
associated with human habitations, and to flooding, which occurs more extensively at
lower gradients, than dippers nesting on natural substrates. Bridges, therefore, despite
appearing to benefit dippers, actually may be serving as ecological traps. Ecological traps

Availability of
Nest Sites

Food
Availability

PRESENCE
OF DIPPERS

Topography
■
■

Elevation
Gradient

Stream Geomorphology
Width and depth
Bottom substrate
W ater flow
Streamside cover

Human
Development

Figure 1. Possible factors determining the use of a particular area by American Dippers
during the breeding season and potential interactions among those factors.

are human-modified areas that appear to be suitable to nesting birds by virtue of some
physical and/or vegetational characteristics, but that instead subject the birds to pressures
for which they have not yet evolved adequate defenses (Gates and Gysel 1978, Best
1986). As a result, these human-altered areas may become population sinks, or areas in
which birds that are attracted to them cannot reproduce successfully enough to replace
themselves, rather than source areas which replenish the population (Best 1986, Pulliam
1988). In assessing the effect of streamside development on dippers, I therefore also
examined the role that bridges play in dipper ecology by comparing the productivity of
bridge-nesting dippers to that of natural-nesting dippers. In doing so, I hoped to establish
whether the benefits of bridges in providing dippers with additional nest sites outweighed
the potential costs.
In summary, the objectives of my study were first to determine densities,
distributions, and productivity of dippers in the Bitterroot. Next, I sought to determine
which factors might best explain dipper distributions in this area and, in particular, to
evaluate the extent to which streamside development might be affecting dipper
distributions and productivity. And finally, I hoped to examine whether bridges might be
serving as ecological traps for dippers, or whether they are actually benefiting dipper
populations.

STUDY AREA
The approximately 38,300-ha study area was located in the Bitterroot Valley and
Mountains of western Montana. Comprising parts of Missoula and Ravalli counties, the
area was bounded on the north by Lolo Creek, which joins the Bitterroot River in the
town of Lolo, and on the south by Roaring Lion Creek, which empties into the Bitterroot
River just south of Hamilton (Figure 2). The Bitterroot River (not shown on map) and
Route 93, which runs parallel to the river, delineated the eastern boundary of the study
area, while the Selway Bitterroot Wilderness boundary marked the approximate western
edge.
Geologically, the study area was dominated by the glacially carved Bitterroot
Mountains, which are approximately 70-90 million years old and are composed primarily
of metamorphic rock and granite (Alt and Hyndman 1986). The mountains are divided
primarily by second and third order (defined in Gordon et al. 1992) streams (based on a
1:100,000 map scale), that have carved steep east- to west-running canyons. Many
smaller, primarily first and second order “face” creeks make more minor indentations on
the mountain surfaces and drain into the larger canyon creeks. Ultimately, the canyon
creeks drain into the Bitterroot River. All the canyon creeks in the study area (with the
exception of Lolo Creek), originate in the Selway Bitterroot Wilderness Area, then flow
into the non-Wilderness portion of the Bitterroot National Forest, and finally into the
developed and undeveloped private land that comprises the Bitterroot Valley (Figure 3).
Lolo Creek originates in the Lolo National Forest and flows through a mosaic of National
Forest and private land before draining into the Bitterroot River. The smaller “face”
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creeks in the study area originate either in the Selway Bitterroot Wilderness Area or in the
non-wilderness portion of the Bitterroot National Forest and join the canyon creeks in
either National Forest or private land in the valley. The only exceptions are Larry and
McClain Creeks, which flow directly into the Bitterroot River. Elevation in the study
area ranged from approximately 975 m to 2850 m.
With the exception of Lolo Creek, Bitterroot canyon creeks were all relatively
similar. Lolo Creek was unique due to its larger size, relatively low gradient, and the
greater amount of deciduous vegetation that bordered its lower reaches. In addition, Lolo
flows over sedimentary bedrock (as opposed to the metamorphic rock and granite over
which the other creeks flow) (Alt and Hyndman 1986). As a result, its waters had a much
higher ion content than did the other Bitterroot creeks. During the 1960s, the lower
portion of Lolo Creek was channelized during the construction of a road (Route 12),
which runs parallel to the creek. Consequently, Lolo is also straighter than the other
creeks. Finally, Lolo is substantially more developed than the other Bitterroot creeks and
has numerous bridges.
The twelve canyon creeks surveyed in the study area were primarily second and
third order streams (Table I), the only exceptions being Canyon Creek (first order) and
Lolo Creek (fourth order). Link magnitude, which is a means of classifying streams
based on their number of tributaries (defined in Gordon et al. 1992), for the canyon creeks
ranged from one (Canyon Creek) to sixty (Lolo Creek). The canyon streams were all
greater than 6.0 m in width. The four largest face creeks, which I considered to be mid
sized creeks ranging from 3.5 - 6.0 m in width, were first and second order streams.
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Table 1. Classification, size, average width, stream order, and link magnitude of the
twenty-three Bitterroot creeks surveyed.

CREEK

Bass
Bear
Big
Blodgett
Canyon
Fred Burr
Kootenai
Lolo
Mill
Roaring Lion
Sheafinan
Sweathouse
Gash
Larry
McCalla
Sharrott
Brooks
Cow
Kennedy Gulch
Larson
McClain
Sage
Silverthom

CLASSIFICATION

SIZE*

AVERAGE
WIDTH (m):

STREAM
ORDERS

LINK
MAGNITUDE^

Canyon
Canyon
Canyon
Canyon
Canyon
Canyon
Canyon
Canyon
Canyon
Canyon
Canyon
Canyon
Face
Face
Face
Face
Face
Face
Face
Face
Face
Face
Face

Large
Large
Large
Large
Large
Large
Large
Large
Large
Large
Large
Large
Mid-sized
Mid-sized
Mid-sized
Mid-sized
Small
Small
Small
Small
Small
Small
Small

8.00
12.35
14.91
11.46
7.13
10.42
13.85
21.12
11.89
13.70
6.57
7.89
5.07
4.28
5.14
4.52
1.47
2.09
1.46
1.10
0.97
1.71
3.16

2
3
3
3
1
2
3
4
3
3
2
2
2
2
3
1
2
2
1
1
2
1
2

4
10
12
6
1
2
23
60
18
9
2
5
3
2
8
1
3
3
1
1
2
1
2

‘ Large: > 6.0 m; mid-sized: 3.5 - 6.0 m; small: < 3.5 m.
^ Average width was calculated only from surveyed areas.
^ Stream order and link magnitude were determined using a 1:100,000 scale map.
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with the exception of McCalla Creek, which was a third order creek. Link magnitude for
these mid-sized streams ranged from one to eight. The seven smaller face creeks, which
had an average width of less than 3.5 m, were first and second order creeks, with link
magnitudes ranging from one to three.
Streamside vegetation in the lower reaches of the study area consisted primarily of
thinleaf alder (Alnus tenuifolia), black cottonwood (Populus trichocarpa% ponderosa pine
{Pinusponderosa), haAvthom (Crataegus sp,), red-osier dogwood (Cornus stolonifera),
willow (Salix sp.) wild rose (Rosa sp.), thimbleberry (Rubus sp.), and currant (Ribes
spp,). With increasing elevation, coniferous species such as Douglas-fir (Pseudotsuga
menziesii), grand fir (Abies grandis), subalpine fir (Abies lasiocarpa), western larch
(Larix occidentalis), and Engelmann spruce (Picea engelmannii), became increasingly
prevalent and eventually became the dominant species in the higher elevations. Pacific
yew (Taxus brevifolia). Rocky Mountain maple (Acer glabrum), and red-osier dogwood
were also common along stream banks at higher elevations. Western redcedar (Thuja
plicata) was patchily distributed along certain streams at mid-elevations.
The climate in the study area varied considerably depending on elevation. Over
an 86-year period, mean valley temperature (taken at Stevensville) was 17.56® C in the
summer and -2.72® C in the winter. In contrast, temperatures at Lolo pass (elevation
1601 m) averaged 12.22® C in the summer and -7.05° C in the winter for 1996 and 1997
(data are from the Western Regional Climate Center - Internet). Maximum precipitation
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in the valley bottom occured as snow during December and January (28.58 cm/month)
and as rain in May and June (3.95 cm/month).
Record high water flows characterized the two years of the study, 1996 and 1997
(U. S. Geological Survey - Internet). Bitterroot River flow levels provided an indirect
measure of the flow levels for canyon creeks flowing into the river. A gauging station on
the Bitterroot River at Bell Crossing (just North of Victor), peaked at a flow of 17,500
cubic feet per second (CFS) in 1996 compared to an average peak of 8,700 CFS during
the period from 1990 to 1995. Peak flow was not recorded at the Bell Crossing Station
for 1997. However, peak flow in Missoula, north of Lolo, was 24,800 CFS, while peak
flow in Darby, south of Hamilton, was 10,100 CFS (data are from U. S. Geological
survey - Internet). Severe flooding occurred along many of the Bitterroot creeks during
the two-year study period, particularly along Lolo Creek in 1997.

METHODS
Assessing Dipper Distributions: Surveying Streams and Locating Nests
To assess dipper distributions in the Bitterroot, a field assistant and I surveyed a
subset of Bitterroot creeks during the 1996 and 1997 breeding seeisons. Dippers set up
linear breeding territories that support all their activities (Price 1975, Price and Bock
1983) (Type A territories according to Nice’s 1941 classification). Because they are
confined to spatially simple, linear habitats, they are considered to be relatively easy
organisms to census by doing stream surveys (Price 1975, Price and Bock 1983). I
randomly selected the creeks that I surveyed and the order in which I surveyed them by
assigning numbers to all canyon and face creeks in the study area and then selecting
numbers fi*om a random number table. Of the randomly selected canyon creeks, only
those with nearby hiking trails in their National Forest portion were surveyed. Large
creeks that lacked trails or access were excluded for logistical reasons (hence canyon
creeks between Lolo and Bass Creeks were excluded). Other creeks in the study area
were not surveyed due to time constraints. From 20 May - 27 July 1996 and 23 May - 28
July 1997, my assistant and I surveyed a total of 23 creeks: twelve large (canyon) creeks,
four mid-sized creeks, and seven small creeks. In addition to these creeks, we also
surveyed a 1.25-km stretch at the base of Sawtooth Creek. All seven small creeks were
surveyed in 1996, while trying to determine which types of creeks were suitable for
dippers. Having found that dippers did not occur on creeks averaging less than 2 m in
width in the Bitterroot, no small creeks were surveyed in 1997. Two streams that were
surveyed during 1996, Kootenai and Sweathouse Creeks, were again surveyed
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during 1997 to determine whether any between-year variation occurred in the nesting
distribution of the Bitterroot dipper population.
We began surveying each stream where it crossed Highway 93. Because of the
short distance between the highway and the parallel-running Bitterroot River, a dipper
territory whose lower reach started between the river and Route 93 would extend
upstream of the highway, thereby ensuring its inclusion in our survey. The highway
crossed the Bitterroot River at the northern edge of Hamilton, so Roaring Lion, Sawtooth,
and Canyon Creeks, which flowed into the Bitterroot at or south of Hamilton, did not
cross the highway. Surveys of these creeks were initiated at their juncture with the river.
Moving against the flow and upward in elevation, we followed the course of each stream
as it passed through a mosaic of developed and undeveloped private land, then into the
Bitterroot National Forest, and finally into the Selway Bitterroot Wilderness Area.
During 1996, surveys extended approximately 1 - 2 km into the Wilderness Area.
Because of logistical reasons and time constraints, we terminated surveys at the
Wilderness boundary during the 1997 season. Distances surveyed on each creek varied
because of the irregular nature of the Selway Bitterroot Wilderness boundary.
Due to the high water and intense flows of creeks during the dipper breeding
season, creeks were usually impossible to cross at this time. My field assistant and I
therefore walked together up one side of the stream, in the water whenever possible, and
on the edge o f the stream whenever the flow was too extreme to permit walking in the
water. Upon sighting a dipper, my initial intent had been to follow the protocol of other
dipper researchers (Robson, 1956, Bakus 1959b, Balat 1962, Sullivan 1973, Sunquist
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1974) and continue flushing the dipper upstream until it reached the end of its territory
boundary at which point it would turn and fly back downstream. In this way, I hoped not
only to establish dipper use of an area, but also to determine territory boundary and
length. 1 quickly found, however, (as did Price 1975) that dippers would fly back
downstream while well within their territories. Determining territory boundaries while
trying to maximize the number of creeks surveyed became unrealistic. 1therefore decided
to forego determining territory lengths, but to ensure that a territory was an active
breeding territory, and not merely a feeding territory belonging to a floater, by trying to
locate all possible nests on each creek. In general, establishing that a territory contained a
breeding pair gave me a stronger indication of the suitability of a particular area for
dippers than merely denoting their presence or absence.
Because of the American Dipper’s specialized nest site requirements, there are
only limited areas along a stream in which they can nest, thereby facilitating nest
searching and making it possible to find virtually all of the active nests in a particular area
(Price 1975, Price and Bock 1983). The often cryptic nests are usually built over white
water (pers. obs.) on cliff ledges (sometimes adjacent to or behind waterfalls), on large
mid-stream boulders or in crevices between boulders (pers. obs.), under bridges, or under
tree roots and overhanging banks (Hann 1950, Price and Bock 1983, Kingery 1996).
While surveying, which we did during the nest building, incubation, and nestling-feeding
stages, we were able to use the birds’ behavior to help us locate nests. Adults were
particularly visible when feeding young. As a result, nests were relatively easy to find
during this period. Upon sighting a bird while moving upstream, we would stop and
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observe its behavior. If it continued downstream, we waited for its return and noted if it
was carrying food (either for its mate or for young). If it was, we followed it upstream
and located the nest. If it appeared to be foraging for itself, we observed it for
approximately an hour, to ensure that it wasn’t feeding young or a mate, then moved
upstream, still searching for a potential nest. After the breeding season, nests were often
much more difficult to find, due to their crypticity and their often being tucked out of
view behind rock overhangs in cliffs. Since we could not, during this period, use the
behavior of the adults to lead us to nests, we limited the survey period to the breeding
season. Each creek was surveyed once. Repeat surveys were logistically unfeasible
because of the limited length of time available in the dipper breeding season and the
relative inaccessibility of the creeks (usually no roads or trails adjacent to the creeks and
extremely dense vegetation). Surveying large creeks generally took at least five days,
while surveying mid-sized creeks took one to two days.

Assessing Dipper Nest Success and Productivity
Since an organism’s use of a particular habitat is not always reflective of its ability
to survive and reproduce successfully in that habitat (Van Home 1983, Vickery et al.
1992, Best 1986, Kershner and Bollinger 1996), we monitored the nests we located in an
attempt to determine both nest fate and nest productivity, or the number of young
fledging from each nesting attempt. We were able to climb into several nests to
determine the number of young in a clutch. Productivity for the remaining nests was
determined by a combination of counting the protruding heads of the young near the end
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of the nestling stage as they food-begged from the adults, and counting the young as they
left the nest during fledging.

Measuring Habitat Variables
Stream Characteristics
At the end of the breeding season, I conducted extensive habitat analyses of both
dipper territories and randomly selected non-use areas in order to determine which factors
were most important in explaining dipper habitat selection and overall distributions in the
Bitterroot Valley. Non-use areas were considered to be those portions of creeks where
neither dippers nor their sign (such as white fecal matter on emergent rocks) had been
sighted (within at least one half of a kilometer) during the survey period. I considered
these areas to be non-use areas only during the breeding season, and restricted my
analysis to this season, since I did not survey during other times of the year. Indeed,
juvenile dippers were occasionally seen in “non-use” areas during August, a time when
both juveniles and adults appear to wander widely (usually upstream), most likely in
search of better foraging areas (Price and Bock 1983). After mapping active territories
and non-use areas on a 1:24,000 USGS topographic map, I divided the non-use segments
on each creek into approximately 2.5-cm map segments. I then assigned numbers to each
segment and selected segments using a random number table. The center point of each
selected segment became the center point of each non-use area.
Habitat measurements were undertaken in August, since the creeks were
inaccessible prior to this time. During August of 1996, we conducted habitat analyses
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and determined the level and type of streamside development present for 24 dipper
territories and 24 non-use areas. In August of 1997, we repeated these procedures for 41
territories (17 of which were the same territories used in 1996) and 26 non-use areas. For
each dipper territory, measurements were made at the nest, at 50 m, 100 m, 200 m and
400 m upstream, and at equivalent distances downstream, giving us a total of nine
measurement areas per territory (Figure 4). In general, the 800-m total distance that I
analyzed for each breeding pair was well within the pair’s territory (pers. obs.), but in
selecting this relatively conservative distance, I hoped to minimize the risk of taking
measurements outside their territory. In the two cases where the 400-m upstream or
downstream distance in one pair’s territory overlapped with that of another, I excluded
the overlapping measurement area from the analysis. [This resulted in my using 8
measurement areas as opposed to nine to come up with an overall mean for each of my
geomorphological measurements]. The same process was repeated for non-use areas with
initial measurements taken at the center of the area rather than at a nest, as they were in
the active territories, and then at similar distances upstream and downstream from that
center.
The geomorphological variables that I measured included stream width (the
distance from bank to bank, also known as the bankfull width), depth, and gradient. The
stream width was essentially a measure of the stream bed, since by August, the amount of
water in the stream was much reduced compared to the water present during the breeding
season. In 1997, we measured not only the bankfull width, but also the width of the water
still present in the stream to gain insight into the change in water levels between the
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400 m
ACTIVE
DIPPER
TERRITORY

200 m

Upstream

100 m
NEST
100 m
200 m
Downstream

400 m

Figure 4. Measurement locations for each American Dipper territory. Measurements for
non-use areas were similar except that a randomly selected point was used instead of a
nest as a central point. Distances up- and downstream were measured from that center
point.
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breeding season, which occurred during periods of high flow that filled the creeks’ banks,
and the post-breeding season. Stream depth was measured at the approximate center of
the stream (Figure 5) and represented the amount of water present at the end of the
breeding season. (Measuring depth during the breeding season was impossible because
of the streams’ high water and high-velocity flows). The stream gradient of each territory
was determined using a clinometer.
Elevation was measured using an altimeter and verified using a 1:24,000 USGS
topographic map. Due to the pattern of human habitation in the Bitterroot Valley, the
lower stream reaches were generally located in private land, while the middle reaches
passed through National Forest and the upper reaches extended into the Selway Bitterroot
Wilderness Area. This general pattern had the potential of confounding any association I
might find between dipper distributions and the level of streamside development, if
factors such as elevation affected dipper distributions. Preliminary surveys, however,
showed that dippers were distributed along the entire length of these streams irrespective
of elevation (the only difference between the higher and lower reaches of streams being in
the time the dippers in these areas initiated nesting). Furthermore, although human
habitation in the Bitterroot did appear to be correlated with an elevational gradient on a
gross scale, there were many portions of the lower stream reaches which, while being
located in the privately owned portion of the valley, were untouched in terms of human
development. Finally, measuring elevation allowed me to assess the extent to which it
was correlated with development levels, vegetation types, and other habitat features
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Figure 5. Sample measurement scenario for stream width (or bankfull width), water
width, and depth (taken at the center of the stream). Each set of measurements was taken
at the nest or non-use center and at 50 m, 100 m, 200 m, and 400 m upstream and
downstream from the nest or non-use center point.
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that might be important in explaining the distribution and habitat selection of these birds.
In addition to measuring discrete geomorphological variables, I recorded several
additional habitat variables (which will be discussed in the ensuing pages), such as type
and quality of substrate, type(s) of water flow present, and level of streamside cover
(Table 2). To minimize the potential for observer expectancy bias (Mills and Knowlton
1988) when evaluating these factors, I defined my variables as objectively as possible and
had only two people recording data. Furthermore, despite the potential subjectivity of
several of the habitat ratings, categories were generally distinct enough to make
classifications straightforward.
To assess the overall quality of the stream substrate in use and non-use areas, I
characterized the streambed material present in each measurement area by denoting the
presence or absence of mud, silt, sand, gravel, vegetation, rubble (pebbles and rocks 2-20
cm in diameter), perching rocks (emergent rocks greater than 20 cm in diameter),
boulders (rocks greater than approximately 1 m in diameter), or bedrock. I then added up
the number of measurement areas in which each characteristic was present for each use
and non-use area. This gave me an overall rating for each substrate characteristic in use
and non-use areas, ranging from 0 (characteristic absent from all measurement areas) to 9
(present in all measurement areas).
In addition to denoting the presence/absence of substrate characteristics at each
measurement area in use and non-uses, I also assigned a bottom quality index, ranging
from 1 (very poor) to 6 (excellent), to each measurement area. This index was based on
the stream’s substrate, depth, and the number of large rocks available for perching (Price
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Table 2. Variables measured at each of nine measurement areas in dipper territories and
in randomly selected non-use areas.

Variables Measured at Each Measurement Area'
Type of Measurement

Definition/Categories^

Stream Width (Bankfull Width)

Distance from bank to bank.

Water Width

Width of water remaining in stream.

Stream Depth

Depth taken at center of stream.

Gradient

Gradient measured with clinometer.

Elevation

Elevation taken with altimeter.

Substrate Characterization

Presence/absence of mud, silt, sand, gravel, vegetation,
rubble, boulders, bedrock.

Bottom Index

1 = very poor, 2 = poor, 3 = moderate, 4 = good,
5 = very good, 6 = excellent.

Level of Downfall

Pieces of large woody debris. 0 = none, 1 = >5,
2 = 5 -1 0 ,3 = >10.

Type of Water Flow

Presence/absence of glides, riffles, white water,
raging white water, shallow pools, deep pools.

Cover Index

1 = no cover, 2 = <10% cover, 3= 10 - 50% cover,
4 = >50% cover.

Number and Type of Available
Nest Substrates

Cliff, boulder, bridge, crevice, log, other.

Potential Nest Substrate Rating

1 = poor, 2 = fair, 3 = good, 4 = excellent.

Level of Development

Presence/absence of development: developed, undeveloped.

Type of Road(s)

0 = no road, 1 = foot trail, 2 = two-track, 3 = primary
dirt road, 4 = paved road.

Type of Land Use

Presence/absence of heavy grazing, light grazing,
agriculture, housing, irrigation diversions, roads,
logging, disposal areas.

‘ All measurements taken at the end of the breeding season.
^For more extensive definitions, see text.
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and Bock 1983). It sought, therefore, to reflect both the potential productivity of the area
and the ease with which dippers could forage in it (Price and Bock 1983). Areas with
rubble bottom are considered more productive for aquatic invertebrates (the dippers’
primary prey) than those areas composed of boulders, gravel, sand, or silt (Pennak and
Van Gerpen 1947) and were rated accordingly. Ratings 1-3, for example, were assigned
to stream segments that were composed primarily of sand, mud, and gravel and had no
perching rocks [1 (very poor) = sand/mud/silt; 2 (poor) = predominantly sand/mud/silt,
some rubble; 3 (fair) = sand/mud/silt, rubble]. The presence of pebbles/rocks (rubble)
and perching rocks earned a stream segment a higher ranking [4 (good) = rubble, no
perching rocks; 5 (very good) = rubble, a few perching rocks, boulders; 6 (excellent) =
rubble, many perching rocks]. I then calculated a mean bottom index for each territory
and non-use based on the ratings for each of the 9 measurement areas for all use and non
use areas.
I often saw American Dippers foraging in and around large woody debris and
debris dams. Since these impediments can have a dramatic effect on channel hydraulics
and habitat structure (Abbe and Montgomery 1996), which in turn can affect water flow,
foraging areas, and prey availability, I also attempted to rate the level of downfall present
in dipper territories and non-use areas. I considered downfall to include trees or large
branches (greater than 10 cm dbh) that had fallen into the stream channel. The amount of
large woody debris sighted at each measurement area was ranked as less than 5, 5-10 or
greater than 10 logs/branches.
While dippers are said to require fast-flowing water (Tyler and Ormerod 1994), I
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frequently saw them foraging in areas of flat water, such as beaver ponds and water that
had backed up behind debris dams. To gain an insight into the frequency of occurrence
of these types of areas and other types of water flow in dipper territories vs. non-use
areas, I also characterized the water flow at each measurement area. Water was rated as
smooth/flat (glides) [water having no surface agitation or waves (Koetsier et al. 1996)],
riffles [generally considered the most productive type of flow in terms of their levels of
aquatic invertebrates (Pennak and Van Gerpen 1947) and defined as shallow rapids where
water-flow over complete or partially submerged obstructions produces surface agitation
but no standing waves (Koestier et al. 1996)], white water, raging white water (explosive
white water, typically in a chute area), and pools [areas with reduced current velocities
(Koestier et al. 1996); deep pools had depths greater than 0.5 m and shallow pools were
less than 0.5 m deep]. Ratings for each type of water flow were determined in the same
way as were stream bottom characteristics.
To estimate cover, I followed Price and Bock’s 1983 protocol for assessing the
amount of streamside cover present at each of the measurement areas. Amount of cover,
which included vegetation and large rocks along the stream banks, and bridges when they
were present, was rated as 1 (no cover), 2 (less than 10% cover), 3 (10-50% cover), or 4
(more than 50% cover). The cover index referred specifically to streamside cover that
could be used by dippers for evading predators and did not include canopy cover.
Finally, for each dipper territory and non-use area, I made a conservative estimate
of the number of available nest sites by counting the number of noncontiguous nest
substrates that could be used by nesting dippers. While walking the length of dipper
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territories and non-use areas conducting habitat analyses, I recorded as one potential nest
substrate each stretch of cliffs (which I considered to be a noncontiguous vertical face of
rock abutting the stream), each stretch of stream containing boulders large enough to
attract nesting dippers (boulders had to protrude at least 1 m from the water to qualify)
and each bridge having at least one ledge greater than 8 cm in width. Because each of the
noncontiguous substrates may have contained numerous possible nest sites, my estimate
of available sites was conservative. My intent, however, was not so much to count every
possible nesting surface available to dippers in a particular area, but rather to document
whether or not that area offered potential nest sites to dippers, and record which types of
nest substrates were available.
Having denoted the number of available substrates, I subsequently gave each
substrate a ranking from 1 - 4 ( 1 = poor, 2 = fair, 3 = good, 4 = excellent). Rankings were
modeled after those of Price and Bock (1983) and were based on four criteria: availability
and width of ledges, safety from predators (inaccessibility), height over water (safety
from flooding), and presence of an overhang (protection form inclement weather). Poor
nest substrates did not have suitable ledges; fair sites had ledges (though these may have
been sloped or narrow), but were accessible to predators or were not safe from flooding
and/or weather. Good sites had suitable ledges and were safe from flooding and
predators, but did not have a sheltering overhang. Excellent sites met all criteria.
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Determining Level o f Development o f Dipper Territories and Non-use Areas
In addition to measuring habitat variables at the end of the breeding season, I also
assessed the level of streamside development present in dipper territories and randomly
selected non-use areas. At each of the nine measurement areas in use and non-use areas, I
recorded the presence or absence of development. I considered developed streamsides to
be those having houses, agricultural land, livestock grazing, roads, logging, and/or trash
disposal areas within 50 m of their banks (measured perpendicular to the stream). Stream
segments that were being diverted for irrigation purposes were also considered
“developed.” Undeveloped streamsides were those not associated with housing,
agriculture, grazing, logging, irrigation, trash, or roads.
Having denoted the presence or absence of development for the measurement
areas in each dipper territory and non-use area, I then established a development rating for
each territory and non-use (Figure 6). Each measurement area was assigned a “ 1” if it
was developed and a “0” if it was undeveloped. I then added up the numbers assigned to
each of the nine segments in a territory or non-use area. The sum represented the
development rating for that particular area. The minimum rating for a territory or non-use
area was therefore zero if all segments were undeveloped and nine if all segments were
developed. Areas with ratings under 4.5 were considered undeveloped during the
analysis phase, while those over 4.5 were considered developed.
My development rating could be deemed problematic if the location of
development rather than the overall level of development were important, since such a
scheme rates a territory that is developed at the center (or nest area) and undeveloped at
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0

Development Rating = 3

Upstream
200 m

1

100 m 1
■50 m
0
NEST 0
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0
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Figure 6. Sample development rating for an active dipper territory. “0”s represent the
absence of development at a particular measuring point, while “ T’s denote the presence
of development. The development ratings at each measurement area were added together
to create an overall development rating for each territory ranging from 0 - 9 , with 0 being
completely undeveloped and 9 being completely developed. In this example, the
development rating is equal to three, representing a non-developed territory.
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the tails in the same way as a territory with development at the tails and a non-developed
center. Since dippers readily nest under bridges in developed areas, often under major
highways, the location of development on a particular territory seemed less important
than the overall level of development, justifying the use of such a rating.
Another potential problem with such a rating scheme was that it assigned a one or zero to
all segments, yet the segments were not of equal length. Because the segments closer to
the nest were much shorter than the segments on the tails of the territory, subjecting them
to the same scale in essence “weighted” the nest location more heavily than the tails. In
this way I was able to weight my development scale relative to the actual nest location,
which is of prime importance during the breeding season. The fact that dippers appeared
to spend the majority of their time foraging within about 200 m of the nest during the
breeding season (pers. obs.), lent further support to adopting a scheme that would reflect
the greater importance of the area closest to the nest.
In 1997, whenever development was present at one of the nine measurement
locations, I also recorded the type of land use comprising that development. Streamside
land uses generally consisted of housing, agriculture, heavy grazing (grass<10 cm), light
grazing (grass>10 cm), irrigation diversions, logging, and disposal areas (indicated by the
presence of trash). Finally, in the hopes of evaluating any potential impacts that roads
might have on dipper distributions, I denoted not only the presence or absence of roads,
but also recorded the type of road present (if any). Road categories consisted of foot
trails, secondary dirt (ie., two-tracks), primary dirt, or blacktop roads.
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Assessing Food Availability
Conductivity
Food availability was an important factor in determining the presence of breeding
dippers in Price and Bock’s (1983) study on the population ecology of dippers in the
Front Range area of Colorado. Unfortunately, determining food availability by sampling
aquatic invertebrates was beyond the scope of this study. Instead, I measured the specific
conductance (or conductivity) of the creeks, which serves as an indirect means of
assessing the productivity of aquatic habitats (Koetsier et al. 1996). The chemical
richness of stream habitats, or the concentration of ions present in the water, is highly
correlated with the productive capacity of streams and, therefore, with the density and
biomass of aquatic invertebrates (Koetsier et al. 1996). Specific conductance was
measured somewhat opportunistically (due to time constraints and equipment availability)
on a total of 13 creeks, using a YSl 30 SCT System conductivity meter, on six days
during the summer of 1997 (four days in May, one in June, and one in July). 1 then
calculated a mean conductivity per stream per measurement-day, since we usually
measured conductivity at several locations on each stream.

Behavioral Observations
Lower prey abundance resulting from increased water acidity has been shown to
lead to concomitant decreases in foraging efficiency by adult dippers and reduced food
delivery rates to nestlings (Vickery 1992). As another indirect means of assessing food
availability and habitat quality at different territories and in different creeks, my field
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assistants and I recorded food delivery rates by adult dippers to nestlings at 22 different
nests during 1996 and 1997. We conducted thirteen one-hour behavioral watches on nine
nests (representing 5 streams) in 1996. In addition, we observed two additional nests
from dawn to dusk (for a total of over 32 hours), though one of these nests fledged during
the observation period. In 1997, we conducted 23 one-hour behavioral watches at 17
nests (representing 9 streams).
I banded dippers opportunistically during the course of the study, both to facilitate
behavioral observations and to gain any additional insights into dipper natural history. A
total of 60 dippers were banded, 27 adults and 33 nestlings.

Statistical analysis
Only dipper territories for which we located nests were considered “use” areas and
included in the analysis (24 in 1996 and 41 in 1997). Potential territories for which we
did not locate nests were not monitored closely enough to warrant their inclusion in the
habitat analyses. (However these “territories” were included in the calculation of dipper
densities). Because the seven small streams that we surveyed in 1996 were unsuitable for
dippers, the non-use areas measured on them were also excluded from the analysis.
Inclusion of these small creeks only would have confounded my ability to assess the
influence of streamside development and other habitat factors on the presence or absence
of dippers. Absence of dippers on these creeks was clearly a function of the creeks’
overall size rather than of any other habitat factors. Therefore, analyses of 1996 and 1997
data consisted of 17 and 26 non-use areas, respectively.
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I conducted all statistical analyses using SPSS® 7.5 for Windows®. Analyses for
each year were conducted separately. However, in several instances, I pooled non-use
data from the two years and then compared the pooled non-use data first to the 1996 and
then to the 1997 dipper territory data. For all statistical tests, I first included dipper
territories and non-use areas on all mid-sized and large creeks [henceforth I will refer to
this group as “All creeks”], then repeated the analyses excluding Lolo Creek. Because
Lolo was so different from the other Bitterroot creeks (see Study Area and Results: Food
Availability - Conductivity), conducting two sets of analyses seemed imperative. I
compared all the measured variables in use vs. non-use areas using either Mann-Whitney
U-tests or student’s T-tests depending on the distribution of the data. I used a Pearson’s
correlation to assess relationships between stream width and depth, and a non-parametric
Spearman’s correlation to assess relationships between habitat variables and dipper
productivity, and relationships among habitat variables. Due to insufficient sample sizes
in 1996,1 used only 1997 data when examining the effect of streamside development and
other habitat variables on dipper nest success and productivity.
To minimize the likelihood of making type-I errors when doing groups of
univariate tests and multiple correlations, I used a sequential Bonferroni test that adjusts
for multiple comparisons (Rice 1989) to assess significance in these instances. However,
I present both the uncorrected and corrected (based on the Bonferroni test) p-values.
To assess potential relationships between habitat variables and dipper
presence/absence, I used logistic regression, which is the most appropriate statistical
technique for relating two-category qualitative variables to other variables (Press and

36

Wilson 1978). Logistic regression uses a log likelihood ratio test, which has a chisquared distribution. The test statistics for my logistic regression analyses is therefore
presented using a chi-squared value (X^). Finally, I used standard chi-squared tests when
comparing dipper nest success in different areas and an analysis of variance test
(ANOVA) to assess differences in productivity among nest substrates and differences in
conductivity among the different streams.
Because I measured a large number of habitat variables, I followed James and
McCulloch’s (1990) recommendation “for observational studies that have a battery of
explanatory variables [...] to combine them into biologically meaningful groups then to
examine all possible subsets of regressions” (p. 138), in addition to conducting univariate
analyses on variables within these subsets. (In other words, rather than putting all of my
variables into one logistic regression model, I created, for example, a logistic regression
model using substrate types, another using water flow-types, etc.). This both facilitated
my analysis and, I hope, prevented me from creating spurious relationships among my
variables and from drawing conclusions from correlations that had no biological
significance.
Having assessed the importance of the different variables comprising each group
(elevation, gradient, width, depth, substrate, water flow, level of development and nest
site availability), I then combined the most important variables from each group (some
groups had only one variable) into an overall logistic regression model to predict dipper
presence/absence. Finally, I used stepwise logistic regression to determine which of the
variables were most important in predicting dipper presence/absence in an area. This
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analysis was conducted only for 1997 since certain habitat characteristics were not
measured in 1996 and sample sizes were larger for the 1997 data.

RESULTS
Dipper Densities and Distributions
Based on distances estimated from topographic maps (1:24,000 scale), we
surveyed approximately 224 km along 23 creeks during the 1996 and 1997 breeding
seasons. Mean distances surveyed per creek were 13.66 ± 3.85 km for large creeks, 7.13
± 0.67 km for mid-sized creeks, and 4.57 + 1.28 km for small creeks. We located a total
of 49 nest sites and 10 additional territories for which nests were not located. Densities
were calculated for each creek by dividing the number of territories located by the
distance surveyed (Table 3). Overall density of occupied creeks (the mean of all creek
means), was 0.33 ±0.12 pairs per km.
Dippers occurred on all but one (Canyon Creek) of the large creeks (mean width =
11.61 ± 3.93 m) and on all mid-sized creeks (mean width = 4.76 ± 0.36 m). Dippers did
not occur on the small creeks (mean width = 1.71 ± 0.74 m). Creeks in the Bitterroot
apparently needed to have a mean width of greater than approximately 2 m before they
could support dippers. Canyon Creek, which is one of the smallest of the “large” creeks
(stream order = 1; link magnitude = 1; mean width = 7.13 m), was highly unusual in
being the only canyon creek without dippers (see Discussion - Dipper Densities and
Distributions).
Densities of dippers were greatest on large creeks (Table 4). Overall densities on
Bitterroot creeks averaged one pair every three to four kilometers. In two instances (on
Kootenai and Sweathouse creeks), however, nests of adjacent pairs were located
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Table 3. Breeding season density of dippers (territories/km surveyed) on each of the study
creeks.

Creek
Bass
Bear
Big
Blodgett
Canyon
Fred Burr
Kootenai
Lolo
Mill
Roaring Lion
Sheafinan
Sweathouse
Gash
Larry
McCalla
Sharrott
Brooks
Cow
Kennedy Gulch
Larson
McClain
Sage
Silverthom

Size

Distance
Surveyed
(km)

Number
of Nests
Located

Large
Large
Large
Large
Large
Large
Large
Large
Large
Large
Large
Large
Mid-sized
Mid-sized
Mid-sized
Mid-sized
Small
Small
Small
Small
Small
Small
Small

10.75
21.13
10.50
19.75
8.50
17.75
11.50
15.25
14.00
12.00
10.25
12.50
8.00
7.50
6.75
6.25
4.25
6.63
3.38
5.50
5.75
3.25
3.25

3
4
4
7
0
4
4
7
4
2
1
6
1
0
1
1
0
0
0
0
0
0
0

224.39
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Totals and Overall Mean
I

t

__________ . ____ ,

______________ • J *

Additional
Pairs
Located

Total Number
of Territories

Density
(Territories /km)

0
0
1?*
2
0
2
0
0
0
3
0
0
1
0
1?'
0
0
0
0
0
0
0
0

3
4
5
9
0
6
4
7
4
5
1
6
2
0
2
1
0
0
0
0
0
0
0

0.28
0.19
0.48
0.46
0.00
0.34
0.35
0.46
0.29
0.42
0.10
0.48
0.25
0.00
0.30
0.16
0.00
0.00
0.00
0.00
0.00
0.00
0.00

10
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0.33 ± 0.12^

. .

pair was nesting in this area. An adult dipper was seen within 1 km downstream of this area.
^ Area surveyed late in breeding season. Although no dippers were seen, abundant fecal remains on rocks in
vicinity of clifiD'waterfall area suggested prior use.
^ Overall mean includes only creeks that had dippers.

Table 4. Density of dippers (pairs/km) on large, mid-sized, and small creeks.
Creek Size Category

Density (pairs/km) ± SD

Large (>600 cm wide)
Mid-sized (350-600 cm)
Small (<350 cm)

0.35 ±0.13
0.24 ±0.07
0.00

All creeks that had dippers

0.33 ±0.12
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less than 400 m apart. Three out of four of these nests were located on cliffs (the fourth
was located in a crevice). The bunching of nests in areas where suitable nest sites
occurred in close proximity to one another was also evident in areas that had high
densities of bridges. On Lolo Creek, for example, the overall density of dippers in the
survey area was 0.46 pairs per kilometer. However, in an approximately 5.38 km stretch
of the stream that had five suitable bridges, densities were 0.93 pairs per kilometer, or
almost a pair per kilometer.
Of the 49 nest sites that we monitored during the two years of the study, 27 were
located in the private-land portion of the valley, while 22 were located in National Forest.
Only one of the latter nests was located in the Wilderness portion of the National Forest.
This low number is reflective not of the quality of the Wilderness habitat, but rather of
the very limited surveying we were able to do in this area.
Twenty-seven of the 49 nest sites were located on natural substrates such as cliff
ledges or large boulders, while 22 were on bridges (Figure 7). The majority of bridge
nests (20 of 22) were located on private land, while most natural nests (20 of 27) were
located in National Forest (NF) (Figure 8). Despite this dichotomy, however, territories
with bridge nests were not necessarily developed. Much of the private land adjacent to
riparian areas in the Bitterroot Valley still remained largely undeveloped. Therefore,
classification of territories based on their level of development, rather than on their
location in NF vs. private land appeared to be a more meaningful approach to address the
effects of stream development on dipper distributions (see Results - Effect of
Development on Dipper Distributions and Productivity).
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Bank = 1 ; 2.0%
Crevice = 3; 6.1%
Log = 1: 2.0%

Boulder = 10; 20.4%
Bridge = 22; 44.9%

Cliff = 12; 24.5%

Figure 7. Number and percent of nest substrate types for nests found during 1996 and
1997. (Total = 49 nest sites).
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Location
[private Land
[National Forest
Bridge

Cliff

Boulder

Log

Crevice

Bank

Nest Substrate

Figure 8. Location of occupied nest substrates in the private-land portion of the valley
and in National Forest for combined 1996 and 1997 nest sites (n = 49).
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Dipper Nesting Success and Productivity
Nesting Success
We located a total of 49 nest sites during the course of the study. In 1996, we
located 24 nests and monitored 25 nesting attempts (one was a renesting in a previously
used nest after the first clutch was depredated). However, we were able to determine the
nest fate of only 15 of these nests (Table 5). Twelve of the 15 nests (80%) fledged, while
the remaining three (20%) were depredated. In 1997, we monitored 52 nesting attempts
(four were renests, while at least five were second broods) at 45 nest sites (Table 5). Four
of these nest attempts were aborted during the building phase. (While one of these
represented the initiation of a second brood that never went beyond the nest-building
phase, we were unable to determine whether the other three pairs renested elsewhere after
having aborted the nest building attempts that we witnessed). Thirty-six of the 45 nests
(80%) for which we were able to document nest fate fledged, while nine of 45 (20%)
failed. Of the nine nests that failed, five were depredated, two were flooded, and two
failed for unknown reasons.
In 1996, there was no significant difference between the nesting success of
National Forest (NF) nests and non-NF nests (X^ = 1.875, P = 0.171); seven of ten
private-land nests (70%) fledged, while all five NF nests (100%) fledged. Similarly, there
was no significant difference between the nest fate of NF and non-NF nests in 1997 (X^
= 0.625, P = 0.429); 23 of 30 (76.67%) private-land nests fledged, while 13 of 15
(86.67%) NF nests did so.
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Table 5. Number of nesting attempts, incidence of renests and second broods, and nest
fate of dipper nests monitored during 1996 and 1997.

Year

Number of
Nest sites

Nest
attempts

Aborted
nest attempts'

Renests

Second
broods

Nests
fledged

Nests
failed

1996

24

25

0

1

0

12 (80%)

3 (20%)

1997

45

52

4

3

5

36 (80%)

9 (20%)

*These nest attempts were aborted during the building phase.
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The type of nest substrate on which dippers placed their nests was not
significantly associated with the success of their nests (X^ = 5.700, P = 0.337). (I
analyzed data for 1997 only due to the small sample sizes in 1996). 78% of monitored
bridge nest attempts (n = 23), 100% of cliff nests (n = 9), 62.5% of boulder nests (n = 8),
50% of log nests [(n = 2 (renest on same log)], 100% of bank nests (n= 1), and 100% of
crevice nests (n = 2) fledged.

Dipper Productivity
I was able to determine the productivity, or number of young fledged per pair of
dippers, for 11 nests in 1996 and 40 nests in 1997. In 1996, productivity was 2.18+1.60
young per nest attempt when considering all nests (those that failed as well as those that
fledged) and 3.00 ± 0.93 young when considering only successful nests (Table 6). Since
Lolo is a substantially more productive creek (see “Conductivity” section), I also assessed
mean productivity in the study area excluding Lolo Creek. Surprisingly, excluding Lolo
resulted in a slight increase in the overall productivity; however, sample sizes were
extremely small (Table 6).
In 1997, at least 11.11% (and possibly as many as 13.33%) of Bitterroot dippers
initiated second broods. Of the bridge-nesting dippers 20.0% initiated second broods.
No second broods were initiated on natural sites. When assessing productivity for 1997,1
considered all individual nest attempts (hereafter referred to as “individual nests”)
separately as I did in 1996 and, additionally, looked at the productivity of nest sites, since
double-brooding pairs generally produced their two broods at the same nest site. I only

Table 6. Mean productivity, or number of young fledged per pair, for individual nests and for nest sites, both including and
excluding Lolo Creek.

Successful Nests Only

All Nests
Individual Nests
1996

All Creeks
Excluding Lolo

2.18 ± 1.60 (n= ll)
2.43 ± 1.72 (n=7)

1997

All Creeks
Excluding Lolo

2.80 ± 1.68 (n=40)
2.71 ± 1.66 (n=34)

Nest Sites
n/a'
n/a
3.29 ± 1.83 (n=34)
3.07+ 1.76 (n=30)

Individual Nests
3.00 ± 0.93 (n=8)
3.40 + 0.55 (n=5)
3.59 ±0.82 (n=29)
3.52 ±0.77 (n=25)

Nest sites
n/a
n/a
3.86±1.30(n=29)
3.68 ± 1.18 (n=25)

No double broods were observed in 1996, so analysis involved only individual nests as opposed to individual nests and
nest sites.

.u
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assessed nest site productivity for double-brood sites when I was able to determine the
productivity of both clutches. In 1997, when considering both fledged and failed nests,
mean productivity was 2.80 ± 1.68 young per pair for individual nests and 3.29 ± 1.83
young per nest site. When only successful nests were considered, mean productivity was
3.59 ± 0.82 young per pair and 3.86 ± 1.30 young per nest site. Unlike in 1996,
excluding Lolo resulted in a slight decrease in the mean overall productivity levels in the
study area (Table 6).
Although mean productivity for individual nests in 1997 was slightly higher for
those located in National Forest than for nests located in the private-leind portion of the
valley (2.83 + 1.53 compared to 2.79 ± 1.77), the difference was not statistically
significant (Mann-Whitney U = 158.50, P = 0.771). This remained true even when I
excluded Lolo (U = 131.00, P = 0.970). When looking at the productivity of nest sites,
however, 1 obtained the opposite results. Overall productivity was higher in the privateland portion of the valley than in National Forest, though, once again, the difference was
not significant: all creeks: private land = 3.55 ± 1.97 young, NF = 2.83 ± 1.53 young (U =
100.50, P = 0.241); excluding Lolo: private land = 3.22 ± 1.93, NF = 2.83 ±1.53 (U =
93.00, P = 0.563).
Not only was dipper productivity not significantly affected by whether nests were
located in private land or National Forest, but it was also not affected by the type of nest
substrate on which the dippers placed their nests (Figure 9). There was no significant
difference in the mean productivity of different nest substrates either when considering

10

I
O

I

6 t

5
4
3
2

Same nest

I'.
Attempt

1

W —I—M -

0
0 1 2 3 4 5
Bridge

0 1 2 3 4 5
C liff

-f

0 1 2 3 4 5
Boulder

<--<■

Renest

■ ■■

0 1 2 3 4 5
Log

0 1 2 3 4 5
Crevice

I t

I t

0 1 2 3 4 5
Bank

Number of Fledglings at Each Nest Substrate

Figure 9. Productivity of various nest substrates in 1997 (n = 40 nests). Productivity is considered separately
for each nesting attempt in the case of double broods.
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individual nests (F = 0.396, P = 0.848) or when considering nest sites (F = 1.083, P =
0.391). I also repeated the analysis comparing only bridge, cliff, and boulder sites, since
sample sizes of the other three type of substrates (logs, crevices, and banks) were
minimal. However, there was again no significant difference in mean productivity of the
different substrates (individual nests: F = 0.775 P = 0.469; nest sites: F = 2.121, P =
0.139).
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Factors Affecting Dipper Distributions and Productivity
Topography - Elevation and Gradient
Dippers occurred along the entire surveyed lengths of streams. Mean elevation of
dipper territories ranged from 986 m to 1509 m in 1996, and 992 m to 1585 m in 1997.
(Dippers vyill, of course, nest above these elevations, but such higher elevations were
beyond the area that we surveyed). Although dipper territories occurred over a similar
range of elevations in both years, the difference in the mean elevation of dipper territories
and of non-use areas differed between years. In 1996, non-use areas occurred at lower
mean elevations (1125 ± 137.68 m) than did dipper territories (1195 ± 152.73 m), but the
difference was not significant (Mann-Whitney U = 141.00, P = 0.095). When I excluded
Lolo, however, the difference became significant since dipper territories on the portion of
Lolo that we surveyed occurred at low elevations (U = 52.00, P = 0.003). Their exclusion
brought the overall mean elevation of dipper territories up even higher (dipper territories:
1252 ± 132.51 m, non-use areas: 1141 ± 139.52). In 1997, the mean elevations of used
and non-used sites were reversed; mean elevation of dipper territories was 1186 ± 157.43
m, while that of non-use areas was 1260 ± 205.90 m (range 992 m to 1782 m). The
difference, however, was again not significant (U = 424.50, P = 0.163). Nor was the
difference significant when I repeated the analysis excluding Lolo (U = 415.50, P =
0.565).
Since all non-use areas were different, and elevation of an area is a factor not
subject to yearly change, I next combined my non-use areas in order to get a larger and
more representative sample of areas not used by dippers. I then compared all the non-use
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areas to dipper territories in both years. (I could not combine dipper territories in 1996
and 1997 since dippers reused the same territory each year and combining years would
have violated the statistical assumption of independence). There was no significant
difference either in the elevation of combined non-use areas and 1996 territories
(U = 496.00, P = 0.794) or in that of non-use areas and 1997 territories (U =863.00,
P = 0.869). The same was true when I excluded Lolo Creek from the analyses (1996:
U = 260.00, P =0.073; 1997: U = 663.00, P = 0.570).
Differences between the gradients of dipper territories and non-use areas showed a
similar pattern to that of elevation in that gradients differed significantly only in 1996
when Lolo Creek was excluded from the analysis. In 1996, dipper territories tended to
have steeper gradients than did non-use areas, but the difference was not statistically
significant. Mean gradients were 4.88 ±4.91% in dipper territories, compared to 2.97 ±
3.40 in non-use areas (U = 160.00, P = 0.244), when considering all creeks. When I
excluded Lolo, which has a very low gradient in the surveyed portion of the study area*
there was a significant difference in gradient between use (mean = 6.21 ± 5.02%) and
non-use (mean = 3.31 ± 3.48 %) areas (U = 75.00, P = 0.030). In 1997, on the other
hand, gradients of dipper territories and non-use areas were almost identical whether I
included Lolo (use: 5.10 ± 4.86%, non-use: 5.10 ± 5.11%; U = 531.50, P = 0.985) or
excluded it (use: 5.85 ± 4.88%, non-use: 5.10 ± 5.11%; U = 393.50, P = 0.370) from the
analyses.
Combining 1996 and 1997 non-use areas and comparing them to dipper territories
in each year, as I did for elevation, resulted in no significant differences between the
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gradients of dipper territories and non-use areas in either 1996 (all creeks: U = 481.00, P
= 0.647; excluding Lolo: U = 258.50, P = 0.069) or in 1997 (all creeks: U = 787.50, P =
0.400; excluding Lolo: U = 561.00, P = 0.103). In general, therefore, dipper distributions
in the Bitterroot did not appear to be related to differences in elevation or gradient.
In 1997, neither nest success nor the number of young that fledged from
individual nests appeared to be related to elevation and gradient (Table 7). However,
when considering all creeks, both elevation and gradient were correlated with the total
number of young fledged per nest site (Table 7), although in the case of elevation the
relationship was not quite statistically significant (Spearman’s rho - -0.326, P = 0.060).
The fact that the productivity of nest sites was related to elevation and gradient, whereas
the productivity of individual nests was not was presumably due to the fact that dippers at
low elevations initiated nesting earlier (Figure 10) and, in many cases, were able to
produce two broods. As a result, the overall productivity of low-elevation (and
concomitantly low gradient) nest sites where dippers were able to double-brood was
greater than that of higher elevation (steeper gradient) sites where dippers initiated
nesting later and had single broods. Interestingly, the majority of low elevation nests
were bridge nests (Figure 10), natural nest sites being scarce in the lower reaches of
streams.
Although the relationship between elevation/gradient and total number of young
fledged was no longer significant when Lolo was excluded, the same overall pattern of
greater productivity at lower elevation and gradients still held. Excluding the

Table 7. Influence of elevation and gradient on nest fate, number of young fledged per nest, and number of young fledged per nest site
in 1997. Gradient and elevation appeared to affect number of young fledged per nest site only when considering all creeks.
Significant correlations are shown in bold.

Ail Creeks

Nest fate*

Fledglings
per nest^

X^= 0.378
P = 0.539

rho = -0.131
P = 0.421

Excluding Lolo

Nest fate

Fledglings
per nest

rho = -0.326
P = 0.060

) ? = 0.693
P = 0.405

rho = ~0.\29
P = 0.466

rho = -0.200
P = 0.290

X^ = 0.347
rho = -0.200
rho = -0.370
P - 0.556
P = 0.215
P = 0.031
' Results based on logistic regression.
^ Results based on Spearman s rank correlation.

= 0.654
P = 0.419

rho = ~0.\66
P = 0.348

rho - -0.269
P = 0.150

Elevation

Gradient

Fledglings
per nest site^

Fledglings per
nest site
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Figure 10. Relationship between elevation and date of fledging (for first or single broods
only) in Julian dates (numbered sequentially fi"om January 1) for 1997 nests. Regression
line is for all nests. Elevation and fledge dates for all nests were highly correlated
(Spearman’s rho = 0.904, P<0.001). Fledge dates for natural vs. bridge nests were
significantly different (Mann-Whitney U = 14.00, P<0.001).
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productivity of a double-brooded nest site (producing a total of 7 young) on Lolo resulted,
however, in a non-significant relationship. This change in the significance level
illustrates how important the double-brooded nests were in driving this pattern. We were
able to determine the productivity of both nests for only three of the five double-brooded
nests (1 of these fledged no young from their second brood; the two for which we did not
determine overall productivity most likely had 7-8 young each, based on the size of their
first clutch and the appearance of their having fledged two broods successfiilly). Had we
been able to determine productivity for all five double-brooded nests, then the overall
relationship between elevation/gradient and productivity of nest sites would have been far
more significant.

Stream Geomorphology - Width and Depth
Both stream width and stream depth were correlated with the distribution of
dippers in the Bitterroot. While dippers did use creeks of 4-5 m in width, they were more
abundant on larger creeks. In general, dipper territories tended to be significantly wider
and deeper than did non-use areas (Table 8).
Although the width and depth of creeks were highly correlated (1996: Pearson’s r
= 0.464, P = 0.002; 1997: r = 0.469, P < 0.001), depth was a better predictor of dipper
presence or absence in a particular area than was width. When I first entered depth into a
logistic regression model (using 1996 data), then tried to incorporate width, width was
rejected (depth model for all creeks:

= 22,803, P < 0.0001; excluding Lolo:

=

16.527, P < 0.0001). The same was true using the 1997 data (depth model for all creeks:

Table 8. Width (in m) and depth (in cm) of dipper territories (use areas) vs. non-use areas in 1996 and 1997, both including and
excluding Lolo Creek. Significant differences are marked in bold.

Depth (cm)

Width (m)

1996

1997

Including Lolo

Use
Mean
13.01

SD
5.18

Non-use
Mean
9.78

SD
5.15

Significance'
U = 129.00"
P = 0.047

Excluding Lolo

10.59

3.23

8.53

3.99

Including Lolo

13.17

5.53

9.26

4.00

11.34

3.01

9.26

4.00

Use
Mean
42.98

SD
17.46

Non-use
Mean
18.93

SD
9.43

Significance'
U = 43.00
P < 0.001

U = 89.00
F = 0.096

40.40

19.39

17.81

9.48

U = 32.00
P< 0.001

t = -3.122
P = 0.003

42.76

15.79

28.57

11.19

t = -3.985
P < 0.001

11.19

t = -3.459
P < 0.001

40.96
15.50
t= -2.320
28.57
P = 0.024
*Mann-Whitney U-test used for 1996 data. Student’s T-test used for 1997 data.
^ Analyses were performed on widths in centimeters. Widths were later converted to meters to facilitate readability of this table.
Excluding Lolo

LA
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= 15.799, P = 0.0001; excluding Lolo:

= 11.976, P = 0.0005). Width alone was a

significant predictor of dipper presence or absence, but was not as good a predictor as
depth alone (e.g., in 1997, width model for all creeks:
Lolo:

= 10.728, P = 0.0011; excluding

= 5.306, P = 0.0213). When I forced width and then entered depth, the models

were better than width alone, but were not as good at predicting dipper presence/absence
as depth alone.
Streams in the Bitterroot are used heavily for irrigation purposes. Indeed, many of
the lower reaches of the streams are completely dewatered by the end of the summer. As
a way of beginning to evaluate the potential impact of this dewatering on dipper
distributions, I examined the change in water levels of use and non-use areas. For the
1997 data, I therefore compared not only stream width, which represented the bankfull
width of the stream or the amount of water present during the breeding season, but also
the width of the remaining water in use vs. non-use areas. There was a highly significant
difference in the width of the remaining water in dipper territories and non-use areas (all
creeks: student’s t = -3.537, P = 0.001; excluding Lolo: t = -2.752, P = 0.008). However,
when I compared the width of the remaining water as a percentage of the original
(bankfull) water width, the difference in the percent of water remaining in use vs. non-use
areas was not significantly different (all creeks: Mann-Whitney U = 400.00, P = 0.087;
excluding Lolo: U = 344.00, P = 0.105).
Neither width nor depth appeared to be related to dipper nest success or dipper
productivity (Table 9). Since dippers often nest over deep water, I also assessed whether
the depth at the nest site (as opposed to overall mean depth of the territory) had an effect

Table 9. Influence of stream depth and width on nest fate, number of young fledged per nest, and number of fledglings fledged per
nest site. Neither width nor depth were related to dipper nest success or productivity.

All Creeks

Depth

Nest fate’

Fledglings
per nest*

X" = 0.018
P =0.893

rho = -0.049
P = 0.765

Excluding Lolo
Fledglings
per nest site*
rho = -0.033
P = 0.854

r/jo = 0.192
rho - 0.008
= 0.022
P = 0.963
P = 0.276
P = 0.882
' Results based on logistic regression.
^ Results based on Spearman’s rank correlation.
Width

Nest fate

Fledglings
per nest

X* = 0.083
P = 0.773

= -0.131
P = 0.462

X* = 0.867
P = 0.352

rho - -0.103
P = 0.561

Fledglings
per nest site
rAo = -0.189
P = 0.317
rho = 0.007
P = 0.972

oo
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on nest success. Based on logistic regression, depth at the nest site did not appear to be
related in any way to nest success (X^ = 0.047, P = 0.828).

Stream Geomorphology - Stream Substrate and Water Flow
To assess the extent to which the presence or absence of certain substrate and
water flow characteristics might affect dipper distributions, I first compared the stream
substrates and types of water flow in dipper territories and non-use areas using individual
Mann-Whitney U-tests. Dipper territories generally had more boulders and white water,
and less silt, sand, and gravel than did non-use areas (Tables 10 and 11). However, only
differences in levels of silt and gravel (in 1997, when Lolo was excluded) were
significant after applying a Bonferroni test which adjusts for multiple comparisons (Rice
1989).
Not surprisingly, given the differences in certain substrate characteristics between
use and non-use areas, there was also a seemingly slight but nonetheless significant
difference (prior to applying a Bonferroni test) in the mean bottom indices assigned to
dipper territories and non-use areas (except in 1996 when all creeks were considered)
(Table 10).
In 1996, dipper territories tended to have higher levels of downfall than non-use
areas, but the difference was only significant when I excluded Lolo Creek (MannWhitney U = 65.00; P = 0.011). In 1997, there was no significant difference between
levels of downfall in use vs. non-use areas, whether or not I excluded Lolo (all Creeks: U
= 478.50, P = 0.583; excluding Lolo: U = 438.00, P - 0.952).

Table 10. Differences in stream substrate variables between dipper territories and non-use areas based on individual Mann-Whitney
U-tests, A rating for each substrate was established for each use and non-use area by adding up the number of measurement areas
containing the substrate characteristic (range = 0 -9 ). Bottom index represents the mean bottom quality of the nine measurement areas
for each use and non-use area and ranges from 1 (very poor) to 6 (excellent). Uncorrected significant P-values are indicated in bold.
P-values of < 0.001 represent significant differences based on a sequential Bonferroni test', which adjusts for multiple comparisons,
and are indicated in bold italics. For corrected and uncorrected p-values, see Appendix 1.

Substrate Type

1996
Including Lolo
Excluding Lolo
Use
Use
Non-use
Non-use
P-value
mean
mean^
mean^
mean
P-value
0.29
3.41
3.76
8.53
8.82
4.00
0.53
0.06

1.000
0.068
0.323
<0,001
0.968
0.106
0.021
0.441

0.11
0.67
2.28
4.78
8.50
7.72
3.83
0.50

0.04

0.76

0.143

4.95

4.35

0.087

Mud
Silt
Sand
Gravel
Pebbles/rocks
Perching rocks
Boulders
Bedrock
Debris dam ^
Vegetation

0.13
1.58
3.00
5.00
8.58
5.96
2.92
0.54

Bottom Index

1997
Including Lolo
Excluding Lolo
Use
Non-use
Use
Non-use
mean
mean
P-value
P-value
mean
mean

0.116

0.05
2.30
3.30
3.50
8.55
6.85
3.23
0.83
0.59
0.08

0.23
4.35
4.69
5.35
8.69
6.50
1.19
0.19
0.60
0.04

0.065
0.003
0.045
0,001
0.483
0.573
0.092
0.093
0.830
0.546

0.03
156
3.03
3.38
8.47
7.41
3.79
0.97
0.70
0.09

0.23
4.35
4.69
5.35
8.69
6.50
1.19
0.19
0.60
0.04

0.038
<0,001
0.019
<0.001
0.758
0.180
0.016
0.034
0.498
0.448

0.017

4.80

4.27

0.045

4.92

4.27

0.012

0.33
2.93
3.53
8.47
8.80
4.40
0.60
0.07

0.798
0.016
0.116
<0,001
0.936
0.011
0.008
0.612

0.00

0.80

5.19

4.27

•••

' Sequential Bonferroni test was applied separately to 1996 and 1997 data.
^ Use mean represents the overall mean rating of each substrate characteristic in dipper territories, while non-use mean represents a similar mean for areas not
used by dippers.
^ Presence of debris dams documented only in 1997.
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Table 11, Differences in types of water flow between dipper territories and non-use areas based on individual Mann-Whitney U-tests.
A rating for each water flow-type was established for each use and non-use area by adding up the number of measurement areas
containing the flow characteristic (range = 0 -9 ). Uncorrected significant P-values are indicated in bold. No p-values were significant
based on a sequential Bonferroni test*, which adjusts for multiple comparisons. For corrected and uncorrected p-values, see Appendix
la.
1997

1996
Type of
W ater Flow
Riffles
White water
Raging white water^
Glide (smooth water)
Deep pools
Shallow pools
Debris dam falls
Waterfall

Use
mean^
4.88
4.67
1.79
2.67
3.00
6.50
0.58
0.38

Including Lolo
Non-use
mean^
P-value
6.86
2.21
0.29
4.43
2.07
6.36
0.07
0.00

0.058
0.025
0.027
0.112
0.425
0.963
0.064
0.071

Use
mean
4.28
5.22
2.39
1.39
3.61
7.11
0.72
0.50

Excluding Lolo
Non-use
mean
P-value
7.17
2.50
0.33
3.67
2.17
6.83
008
.00

0.021
0.043
0.012
0.048
0.214
0.880
0.060
0.050

Use
mean
3.33
6.03
0.64
3.03
2.69
6.49
0.23
0.18

Including Lolo
Non-use
P-value
mean
4.76
4.04
0.04
3.20
1.80
7.48
0.16
0.00

0.057
0.03!
0.015
0.944
0.094
0.165
0.413
0.041

Use
mean
3.27
6.39
0.76
2.24
3.06
7.21
0.24
0.21

Excluding Lolo
Non-use
mean
P-value
4.76
4.04
0.04
3.20
1.80
7.48
0.16
0.00

0.056
0.016
0.006
0.491
0.013
0.644
0.389
0.026

‘ Sequential Bonferroni test was applied separately to 1996 and 1997 data.
^ Use mean represents the overall mean rating of each substrate characteristic in dipper territories, while non-use mean represents a similar mean for areas not
used by dippers.
^ White water was considered “raging” when the water was entirely white and typically exploded out of a restricted chute area.

62

Having determined which individual substrate and water flow characteristics
differed between use and non-use areas, I then used logistic regression to assess which
variable or combination of variables might be most useful in predicting dipper presence
or absence in a particular area. In 1996, when considering the stream substrate
characteristics of all creeks, gravel and boulders were the most important variables in
explaining dipper presence/absence in a particular area and together formed the best
predictive model (X^ = 31.619, P< 0.0001). Dipper territories had less gravel and more
boulders than did non-use areas. When 1 excluded Lolo, gravel and boulders were still
the most important variables in predicting dipper presence in an area (X^ = 28.172,
P < 0.0001).
In 1997, gravel was the most important substrate variable in predicting dipper
presence/absence (X^ = 12.219, P = 0,0005), based on stepwise logistic regression.
Dipper territories had less gravel than did non-use areas. Interestingly though, perhaps
due to inter-correlations among variables, the logistic regression model that best predicted
dipper presence/absence included silt, boulders, perching rocks, and the bottom index (X^
= 28.081, P < 0.0001). When gravel was incorporated into the model other variables
became non-significant and the P-value decreased. Overall, Dipper territories had less
gravel and silt, more boulders and perching rocks, and a higher overall bottom index.
When 1 excluded Lolo from the analysis, the best model contained silt, boulders, and
perching rocks (X^ = 32.591, P < 0.0001). Gravel alone was a highly significant predictor
of dipper presence/absence (X^ = 13.476, P = 0.0002), but was less so than silt alone
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(X^ = 16.783, P < 0.0001), and was not a significant contributor when added to the model
containing silt, boulders, and perching rocks (X^ = 3.646, P = 0.0562).
Water variables appeared to be less effective in predicting dipper presence/
absence in an area than did stream substrate variables. In 1996, white water was the only
significant predictor of dipper presence/absence when considering all creeks. Dipper
territories had more white water than did non-use areas. When Lolo was excluded,
however, riffles and glides (smooth, flat water) were the most important predictors of
dipper presence/absence and constituted the best predictive model (X^ = 11.714, P =
0.0029). Surprisingly, although both use and non-use areas had abundant riffles, non-use
areas had more riffle areas than did dipper territories. Non-use areas also had more glide
stretches than did dipper territories.
In 1997, when considering all creeks, white water and shallow pools were the only
significant predictors of dipper presence or absence in an area (X^ - 11.792, P = 0.0028),
and constituted the best logistic regression model. When Lolo was excluded from the
analysis, white water was the only significant predictor of dipper presence/ absence (X^ =
6.919, P = 0.0085).
No substrate or water flow-type variables appeared to be related to whether or not
dipper nests fledged or failed. Furthermore, after applying a sequential Bonferroni test to
my non-parametric tests assessing correlations between water and substrate variables and
numbers of fledglings at individual nests and at nest sites, I found no correlations to be
significant.
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Finally, the level of downfall appeared to have little or no effect either in
determining dipper presence/absence in an area or in affecting productivity. When
considered independently, downfall was a significant predictor of dipper presence or
absence only in 1996 when Lolo was excluded from the analysis (X^ = 7.590,
P = 0.0059). However, when included with other substrate variables, downfall did not
contribute significantly to any model predicting dipper presence/absence. Furthermore,
the level of downfall was not a significant predictor of dipper nest success, nor was it
correlated with either the number of young fledged per nest or with the number fledged
per nest site.

Streamside Cover
Dipper territories tended to have slightly more streamside cover than did non-use
areas, but the difference was not significant in either 1996 or 1997, whether or not I
excluded Lolo (Table 12). Because of the crude nature of my index, however, it is quite
possible that differences in quantities of streamside cover between use and non-use areas
could have gone undetected.
Although the majority of dipper territories and non-use areas had substantial
streamside cover, dippers did not appear to avoid foraging in areas that had little cover
(pers. obs.). Several dipper territories were bordered in part by grazed fields and dippers
appeared to use such areas as long as the integrity of the streams themselves remained
intact. We did not see dippers in areas where the streams’ courses had been negatively
affected by heavy cattle use (see Results - Effect of Streamside Development on Dipper

Table 12. Differences in level of streamside cover between dipper territories and non-use areas based on individual Mann-Whitney Utests. Ratings for each level of cover were assessed by determining the number of measurement areas per use and non-use area with
each level of cover. Bold values represent significant uncorrected p-values. No p-values were significant based on a sequential
Bonferroni test’, which adjusts for multiple comparisons. For corrected and uncorrected p-values, see Appendix lb.
1997

1996

Level of Cover
No cover
>10% cover
10-50% cover
>50% cover

Use
mean^
0.00
0.17
1.25
7.54

Including Lolo
Non-use
mean^
P-value
0.06
0.47
2.00
6.47

0.235
0.271
0.288
0.141

Use
mean
0.00
0.17
0.89
7.97

Excluding Lolo
Non-use
mean
P-value
0.07
0.53
2.07
6.33

0.762
0.361
0.202
0.086

Use
mean
0.08
0.28
1.27
7.28

Including Lolo
Non-use
mean
P-value
0.12
1.00
2.38
5.50

0.856
0.059
0.108
0.118

Use
mean
0.09
0.24
1.18
7.38

Excluding Lolo
Non-use
mean
P-value
0,12
1.00
2.38
5.50

0.752
0.044
0.072
0.080

' Sequential Bonferroni test was applied separately to 1996 and 1997 data.
^ Use mean represents the overall mean rating of each substrate characteristic in dipper territories, while non-use mean represents a similar mean for areas not
used by dippers.
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Distributions and Productivity). This may have been due to the trampling of stream
banks and stream cover, to changes in water quality, or to a combination of factors.
The level of streamside cover did not appear to be related to nest success.
However, number of fledglings per nest was positively correlated with cover levels of 1050% when considering all creeks (Bonferroni minimum simultaneous significance =
0,028; uncorrected P = 0.004). When Lolo was excluded, number of fledglings remained
positively correlated with cover levels of 10-50% (Bonferroni signif. = 0.024; P = 0.003)
and became significantly negatively correlated with cover levels greater than 50%
(Bonferroni signif. = 0.036; P = 0.006).
Cover levels greater than 50% were also correlated with elevation and gradient
(elevation: Spearman’s rho - 0.599, P < 0.001; gradient: rho = 0.512, P < 0.001), which
in turn were negatively correlated with the number of young fledged per nest. As
elevation and gradient increased, levels of development decreased resulting in greater
amounts of cover at higher elevations. The fact that number of young fledged decreased
with increased elevation and gradient may therefore explain the negative correlation with
higher levels of cover.
The total number of young fledged per nest site was also positively correlated
with cover levels between 10-50% (Bonferroni signif. = 0.024; P = 0.003) and negatively
correlated with cover levels greater than 50% when considering all creeks. Interestingly,
this pattern appeared to be driven by the inclusion of Lolo Creek in the analysis. When
Lolo was excluded, total number of young fledged per site was no longer correlated with
either cover level based on the sequential Bonferroni minimum simultaneous
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significance; (however, uncorrected P-values were still significant: 10-50% cover: P =
0.017, >50% cover: P = 0.011).

Availability o f Nest Sites
Dipper territories had significantly more potential nest sites than did non-use areas
(X^ = 44.96, P <0.001). This result is partly biased by the fact that all dipper territories
considered in the analysis had nests associated with them. Even so, in 1997, only 6 of 26
non-use areas (or 23%) had potential nest sites available. However, the presence of a
cliff, large boulder, bridge, or crevice in a non-use area may not necessarily have meant
that the substrates that we considered potentially available were in actuality suitable for
dippers. Of the six non-use areas that had potential nest substrates, two had large
boulders to which we assigned a quality index of two (fair), meaning that the ledges were
sloped or narrow and the site was not protected from predators, flooding, and inclement
weather. A third non-use area had a boulder with a quality index of two and a cliff to
which we assigned an index of three (good); however, the cliff was set back slightly from
the stream and potential ledges were therefore not located over water. Dippers appeared
to exhibit a preference for cliff nest sites that were over water, since all active cliff nests
in the study area were placed above stretches of white water. A fourth non-use area,
located on Canyon Creek, had a poor (1) cliff and crevice and a good (3) boulder. In
addition, this creek was riddled with uprooted trees. Eurasian dippers have been known
to nest in the roots of uprooted trees (Shaw 1978); however, we found no signs of such
nests in our study area. Finally, the potential nest substrates in both the fifth and sixth
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non-use sites were bridges. One of these bridges had suitable ledges that were well
protected, but was located over flat, slow-moving, deep water in the midst of active cattle
pastures. We found remnants of very old dipper nests on this bridge but saw no evidence
of current use during the two years of the study. (We did, however, see a dipper that
appeared to be a floater, foraging several hundred meters upstream in 1997). Recent farm
practices may have altered both the stream quality and the type of water flow under the
bridge making the area unsuitable for breeding dippers. The sixth non-use area had an
excellent (4) bridge placed over a nice stretch of riffles. Given the scarcity of natural nest
sites in the area (the lower reach of Mill Creek), this bridge should have been occupied by
dippers. However, the stream upstream and downstream from the nest site had been
badly damaged by heavy cattle use. The stream banks were overgrazed and very eroded,
the substrate was dominated by silt, sand, and gravel, and in one upstream stretch cattle
feces floated in the water. It is highly likely that the quality of this particular stretch of
steam had deteriorated to such a degree that dippers were precluded from using the area
despite there being a highly suitable nest site available to them.
Sample sizes for 1996 were smaller, but overall patterns of nest availability were
fairly similar to those of 1997. Six of 17 non-use areas (or 35.3%) had potential nest
substrates, a slightly higher percentage than in 1997. However dipper territories still had
significantly more potential nest sites than did non-use areas (X^ = 21.224, P< 0.001).
Two of the six non-use areas that had potential nest substrates had fair (2) boulders. A
third had a good (3) boulder. The remaining three non-use areas all had bridges, two of
which were considered good rather than excellent (4) because of the narrowness of their
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ledges, and one which was considered a four. All three bridges were in areas of heavy
cattle use. Furthermore, one of the bridges (on Roaring Lion Creek) was in a stretch of
stream that was dewatered at the end of the breeding season. The downstream reaches
had recently been channelized with bulldozers when we conducted our habitat analysis.
Whether the stream had been bulldozed or otherwise manipulated in the year prior to the
1996 breeding season is not known.
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Effect o f Streamside Development on Dipper Distributions and Productivity
Dipper Distributions
Despite some differences in the levels of streamside development of use and non
use areas, streamside development did not appear to have a negative effect on dipper
distributions as long as the development did not adversely affect the integrity of the
streams themselves. In 1996, slightly more dipper territories were undeveloped
(development rating<4.5) than developed (development rating > 4.5) (Figure 11). The
mean development rating for dipper territories was 4.25 ± 3.65 while the mean
development rating for non-use areas was 6.18 + 3.54. The difference was not
statistically significant (Mann-Whitney U = 137.5, P = 0.073). When I excluded Lolo
Creek, however, the difference between the development ratings of dipper territories
(mean = 2.72 ± 2.85) and non-use areas (mean = 6.33 ± 3.58) became significant (MannWhitney U = 52.00, P = 0.002). Because all dipper territories on Lolo were highly
developed (mean = 8.83 ± 0.41), excluding this creek from the analysis substantially
lowered the mean development rating for dipper territories, resulting in the highly
significant difference in the development ratings of use vs. non-use areas.
In 1997, the majority of both dipper territories and non-use areas were
undeveloped (Figure 11). Mean development ratings were 3.85 ± 3.67 for dipper
territories and 3.42 ± 3.41 for non-use areas. As a result, there was no significant
difference between levels of development in use and non-use areas (Mann-Whitney U =
500.00, P = 0.789). Unlike in 1996, the difference remained non-significant even
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Figure 11. Number and percent of territories and non-use areas that were developed
(development rating > 4.5) vs. undeveloped (development rating < 4.5) in 1996 and
1997, when considering all creeks and when excluding Lolo Creek. The difference
between levels of development in dipper territories and non-use areas was only
statistically significant in 1996, when I excluded Lolo (P = 0.002).
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when I excluded Lolo Creek (use mean: 3.03 ± 3.34, non-use mean: 3.42 ± 3.41 ; MannWhitney U = 400.50, P - 0.527). Because I did a disproportionate number of non-use
areas on Canyon Creek in 1997 (5 compared to a mean of 2.33 on nine other creeks), I
also repeated the analysis excluding Canyon Creek. However, differences between the
development ratings of use vs. non-use areas remained non-significant (Mann-Whitney
U = 419.00,? = 0.988).
As the raw data illustrate, the difference in my 1996 and 1997 results was not due
to changes in dipper distributions or in levels of streamside development between the two
years, but rather to differences in the randomly selected non-use areas (Figure 12). 1996
non-use areas tended to be more developed while 1997 non-uses tended to be less
developed. Indeed, the difference between non-use areas in both years was significant
whether or not I excluded Lolo Creek from the analysis (all creeks: Mann-Whitney U =
120.500, P = 0.011; excluding Lolo: U = 103.000, P = 0.011). In neither year did dippers
appear to be avoiding development (Figure 12). Rather, the preponderance of
undeveloped dipper territories and non-use areas is more likely to be the result of the
available habitat in the Bitterroot being primarily undeveloped, than being due to the
specific selection of undeveloped areas by dippers.
Since non-use areas selected in 1996 and 1997 were independent of each other, I
combined the non-uses from both years to increase my sample size and get a more
representative sample of non-use areas in the Bitterroot. I then compared the combined
non-uses first to the 1996 dipper territories and then to the 1997 territories. There was no
significant difference between either the combined non-uses and 1996 use areas
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completely undeveloped and 9 being completely developed. (Scales on y-axes differ).
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(U ~ 485.000, P = 0.681), or the combined non-uses and 1997 territories (U = 743.500,
P = 0.281). However, when I repeated these analyses excluding Lolo Creek, the
differences between combined non-uses and dipper territories became more pronounced.
Mean development ratings for dipper territories, which already had lower development
ratings overall than non-use areas, became slightly lower when the highly developed Lolo
territories were excluded. As a result, non-uses and 1996 territories were almost
significantly different (U = 255.500, P = 0.058), while the difference between non-uses
and 1997 uses was significant (U = 516.000, P = 0.050). Despite these differences,
however, dipper territories in both years and combined non-uses still had mean
development ratings of less than 4.5.

Dipper Productivity
Although dippers in the Bitterroot did not appear to avoid developed areas when
establishing their territories, assessing how successful dippers actually were in such areas
was clearly of paramount importance in attempting to evaluate the extent to which
dippers might be negatively affected by development. There was no significant
difference in the nest fate of developed and undeveloped territories, whether or not Lolo
was included (all creeks:

= 0.340, P = 0.560; excluding Lolo:

= 0.150, P = 0.699).

In fact, fledging success was actually slightly higher in developed territories than in
undeveloped ones (Figure 13).
There was no significant difference between the mean number of fledglings in
undeveloped and developed territories (all creeks: U = 149.000, P = 0.264; excluding
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Lolo: U = 101.000, P = 0.425). Mean productivity was actually higher for developed
territories than for undeveloped ones. Nests in developed territories had a mean of 3.13
fledglings compared to a mean of 2.55 fledglings in undeveloped territories, when
considering all creeks. When Lolo was excluded, developed nests had a mean of 3.00
fledglings compared to a mean of 2.55 fledglings in undeveloped territories. There was
also no significant difference between the mean number of fledglings at undeveloped and
developed nest sites (all creeks: U = 84.000, P = 0.080; excluding Lolo: U = 71.000,
P - 0.352). However, the disparity between the number of young fledged in developed
territories and undeveloped territories was even greater when considering nest sites than
when considering individual nests. When Lolo was included in the analysis, a mean of
4.08 young were fledged from developed territories, while 2.80 were fledged from
undeveloped ones. When Lolo was excluded, developed territories fledged a mean of
3.67 young compared to 2.80 young in undeveloped territories.
The incidence of second broods in the Bitterroot seemed to be tied directly to
elevation and appeared not to be negatively affected by levels of development. Of the 41
nest sites whose pairs continued beyond the nest building phase, at least five pairs (or
12.20%) initiated second broods. [It is probable that six pairs (or 14.63%) in fact had
second broods. We found the nest of the sixth pair relatively late in the season, when the
female was in the laying stage. Based on the late date at which this clutch was initiated
compared to other females at similar elevations and given the extremely early date at
which the pair at this location fledged their first brood the following year (before April
25,1998), I suspect that the clutch we found was actually the pair’s second brood]. All of
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the territories which had second broods (n = 5) were highly developed (range 7 - 9), with
a mean development rating of 8.0 compared to a mean development of 3.15 for territories
which did not have second broods (n = 34).

Productivity o f Bridge vs. Natural Nests
Of the 45 nest sites that I monitored in 1997,22 were on bridge sites, while 23
were on natural sites. Not surprisingly, given their usual occurrence at lower elevations
in the more developed portion of the valley, bridge sites tended to be far more developed
than natural sites (U = 10.500, P < 0.001). Mean development ratings were 0.90 ± 1.84
for natural nest sites and 7.11 ± 2.08 for bridge nests. This extreme discrepancy was
exacerbated by the inclusion of the highly developed Lolo territories. When Lolo was
excluded, mean development ratings were 0.90 ± 1.84 for natural nest sites and 6.42 ±
2.19 for bridge nests. This still represented a highly significant difference between
development ratings of natural and artificial breeding sites (U = 9.000, P < 0.001).
For the 45 nest attempts for which we monitored nest fate, in 1997, there was no
significant difference between the success rates of those built on natural vs. artificial sites
(X^ = 0.089, P = 0.766), although natural nests had a slightly higher fledging rate than did
artificial nests. 81.82% of natural nests (n = 22) fledged compared to 78.26% of bridge
nests (n = 23). Despite the preponderance of bridges on Lolo, excluding the Lolo nests
from the analysis still resulted in there being no significant difference between the fate of
bridge and artificial nests (U = 0.259, P = 0.611). 81.82% of natural nests (n = 22)
fledged, compared to 75.00% of bridge nests (n = 16).
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Although bridge nests had a slightly lower success rate than did natural nests, they
had higher productivity. A mean of 2.91 ± 1.72 young were fledged from bridge nests
compared to 2.67 ± 1.68 from natural nest sites. However, this difference was not
statistically significant (U = 172.00, P = 0.463). When Lolo was excluded, the mean
number of young fledged from bridge nests decreased slightly to 2.75 ± 1.69, reducing the
difference between number of young fledged at artificial vs. natural nests even further (U
= 132.000, P = 0.666). Similarly, there was no significant difference between the total
number of young fledged at artificial vs. natural nest sites, though the difference was
slightly more exaggerated than when looking at the number of young fledging from
individual nests. A total of 3.76 ± 1.99 young fledged from bridge sites, compared to
2.82 ± 1.59 from natural sites (U = 102.000, P = 0.130). When Lolo was excluded from
the analysis, 3.38 ± 1.98 young fledged from bridge sites compared to 2.82 ± 1.59 from
natural nests (U = 91.000, P = 0.395).
All second broods that were initiated in the study area were on bridges,
presumably because the bridges typically were located at low elevations where dippers
were able to initiate nesting earlier (see Results - Factors Affecting Dipper Distributions
and Productivity: Topography - Elevation and Gradient). The successful initiation of
second broods on bridge sites seems to be further evidence of the suitability of these
artificial sites for breeding dippers. At least 5 out of 19 or 26.32% (and probably 6 of 19
or 31.58%) of bridge-nesting dipper pairs initiated second broods (at the same nest site).
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Effect o f Different Streamside Land uses and the Presence o f Roads
I first conducted the analysis with all 1997 dipper territories and non-use areas and
then focused specifically on non-National Forest territories and non-uses, since the
inclusion of the National Forest use and non-uses, which were all undeveloped, merely
diluted my mean land use ratings for each type of land use. With only one exception, I
found no significant difference in the level at which any type of streamside land use
occurred in dipper territories vs. non-use areas, whether or not I excluded National Forest
use and non-uses and whether or not I excluded Lolo Creek (Table 13). When
considering only non-National Forest use and non-use areas and including Lolo in the
analysis, the level of roads between use and non-uses did differ significantly (MannWhitney U = 94.0, P = 0.006). Interestingly, dipper territories were more likely to be
associated with roads than were non-use areas.
Based on logistic regression, the presence of roads was the only land use that was
valuable in predicting dipper presence or absence. The presence of roads was a
significant predictor, whether or not Lolo was included, when I considered only nonNational Forest use and non-use areas (all creeks:
Lolo:

= 10.227, P = 0.0014; excluding

= 4.556, P - 0.0328). However, when I considered all use and non-uses, the

presence of roads was only a significant predictor of dipper presence/absence when Lolo
was included in the analysis (all creeks: X^ = 6.709, P = 0.0096; excluding Lolo: X^ =
2.093, P = 0.1480).
No streamside land use appeared to affect nest success, whether or not I excluded
National Forest nests from the analysis, or whether or not I excluded Lolo Creek. Nor did

Table 13. Differences in levels of streamside land uses in dipper territories and non-use areas based on individual Mann-Whitney Utests. Ratings for each streamside land use were assessed by determining the number of measurement areas per use and non-use area
that had each type of land use. Bold values represent significant uncorrected p-values. No p-values were significant based on a
sequential Bonferroni multiple comparison test. For corrected and uncorrected p-values, see Appendix Ic.

Type of Land use
Homes
Heavy grazing
Light grazing
Total grazing
Irrigation diversions
Presence of trash
Presence of roads^

All use and non-use areas
Including Lolo
Excluding Lolo
Non-use
Non-use
Use
Use
mean
mean
P-value
mean'
mean'
P-value
1.65
0.40
1.02
1.43
0.20
0.30
2.53

135
0.65
1.31
1.96
0.23
0.27
1.00

0.497
0.725
0.551
0.644
0.966
0.966
0.119

1.41
0.35
0.47
0.82
0.21
0.26
1.68

1.35
0.65
1.31
1.96
0.23
0.27
1.00

0.856
0.899
0.146
0.233
0.952
0.952
0.589

Only non-National Forest use and non-use areas
Excluding Lolo
Including Lolo
Use
Non-use
Use
Non-use
mean
mean
P-value
mean
mean
P-value
2.75
0.63
1.71
2.33
0.13
0.38
4.00

2.19
1.06
2.13
3.19
0.38
0.44
1.50

0.429
0.902
0.539
0.531
0.286
0.888
0.006

2.67
0.61
0.89
1.50
0.11
0.33
2.89

2.19
1.06
2.13
3.19
0.38
0.44
1.50

0.535
0.965
0.164
0.221
0.274
0982
0.088

*Use mean represents the overall mean rating of each type of land use in dipper territories, while non-use mean represents a similar mean for areas not used by
dippers.
^ The road rating is based on the presence of paved roads and/or major dirt roads.
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any type of streamside land use affect the number of young fledged per individual nest.
However, the presence of roads and the total number of young fledged per nest site were
correlated when Lolo was included in the analyses, both when considering all nest sites
and when considering only non-National Forest nest sites (all nests: Spearman’s rho 0.424, P = 0.014; non-NF nests: rho = 0.507, P = 0.019).
When I applied a sequential Bonferroni test for multiple comparisons to the nonparametric correlation tests for different land uses, though, the presence of roads was no
longer significantly correlated with the total number of young fledged per site when Lolo
was included (all nests: P = 0.098; non-NF nests only: P = 0.133). Excluding Lolo
resulted in a non-significant correlation between the presence of roads and the total
number of young fledged per nest site (all nests: rho = 0.259, P = 0.174; non-NF nests:
rho = 0.177, 0.496), even before applying a Bonferroni correction.
In addition to examining correlations between the presence of roads (paved and
major dirt) and dipper distributions and productivity when assessing the potential effects
of different streamside land uses, I also evaluated correlations between different types of
roads and dipper distributions and productivity. When considering only non-National
Forest use and non-use areas in both 1996 and 1997, significantly more non-uses had no
roads associated with them than did dipper territories (both before and after correcting for
multiple comparisons using a sequential Bonferroni test) (Table 14). This difference was
no longer statistically significant (based on Bonferroni), however, when Lolo was
excluded. When I looked at specific types of roads, I found no significant difference
between the presence of trails, two-tracks, dirt roads, or paved roads in use vs. non-use
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areas (Table 14). The only exception to this finding was that when I considered only nonNational Forest use and non-uses in 1996, dipper territories had more paved roads than
did non-use areas (U = 56.0, P = 0.028). This pattern, too, appeared to be driven by the
inclusion of Lolo. When Lolo was excluded, there was no significant difference between
the level of paved roads in dipper territories and non-use areas (U = 38.0, P = 0.309).
Neither the presence or absence of roads nor any particular type of road had an
effect on nest success. However, productivity and the presence of paved roads were
significantly positively correlated in several instances. For example, paved roads were
positively correlated with the number of young fledged at individual nest sites when all
nests were considered {rho = 0.331,P = 0.039). [This was no longer the case when a
sequential Bonferroni test was applied to the multiple road-type correlations: corrected P
= 0.780]. Paved roads were also positively correlated with the total number of young
fledged per nest site (all nests: rho = 0.561, P = 0.001; all nests excluding Lolo: rho =
0.402, P = 0.031 ; non-NF nests: rho = 0.615, P = 0.003, non-NF nests excluding Lolo:
rho = 0.416, P = 0.096). The only one of these correlations that was statistically
significant after adjusting for multiple correlations using a sequential Bonferroni test was
the correlation between total number of fledglings per nest site and paved roads when all
nests were considered (corrected P = 0.020). Finally, productivity per nest site was
negatively correlated with the absence of any roads in the case when only non-NF nests
were considered and Lolo was included (uncorrected P = 0.001, corrected P = 0.038).

Table 14. Differences in presence of different road-types in dipper territories and non-use areas based on individual Mann-Whitney
U-tests. Ratings for each road-type were assessed by determining the number of measurement areas per use and non-use area with
each type of road. Bold values represent significant uncorrected p-values. P-values of < 0.001 represent significant differences based
on a sequential Bonferroni test/ which adjusts for multiple comparisons, and are shownin bold italics. For corrected and uncorrected
p-values, see Appendix Id.
ALL USE &
NON-USE

1997

1996

Road Type

Use
mean^

No roads
Trail
Two-track
Dirt road
Paved road

3.58
1.71
0.63
1.67
2.04

ONLY NON-NF
USE & NON-USE

Including Lolo
Non-use
mean^
P-value
6.41
0.71
0.18
1.41
0.35

Use
mean
4.56
2.28
0.44
1.22
0.56

0.006
0.144
0.170
0.856
0.110

Excluding Lolo
Non-use
mean
P-value
6.47
0.80
0.20
1.33
0.27

0.083
0.054
0.501
0.416
0.501

Use
mean
5.33
1.05
0.10
0.88
1.70

Including Lolo
Non-use
mean
P-value
7.46
0.54
0.23
0.42
0.35

Road Type
No roads
Trail
Two-track
Dirt road
Paved road

2.57
0.79
0.79
2.64
3.29

Including Lolo
Non-use
mean
P-value
6.57
0.21
0.21
1.64
0.43

0,001
0.559
0.291
0.438
0.028

5.97
1.24
0.09
0.56
1.03

0.003
0.297
0.731
0.316
0.110

Excluding Lolo
Non-use
P-value
mean
7.46
0.54
0.23
0.42
0.35

0.024
0.153
0.636
0.961
0.468

1997

1996
Use
mean

Use
mean

Use
mean
4.00
1.38
0.50
2.38
0.88

Excluding Lolo
Non-use
mean
P-value
6.67
0.25
0.25
1.58
0.33

0.027
0.243
0.901
0.720
0.309

Use
mean
4.33
0.58
0.17
1.38
2.71

Including Lolo
Non-use
mean
P-value
7.50
0.00
0.38
0.56
0.56

<0,001
0.521
0.795
0.174
0.066

Use
mean
5.22
0.78
0.17
0.94
1.78

Excluding Lolo
Non-use
mean
P-value
7.50
0.00
0.38
0.56
0.56

0.004
0.422
0.798
0.695
0.313

‘ Sequential Bonferroni test was applied separately to 1996 and 1997 data.
^ Use mean represents the overall mean rating of each road type in dipper territories, while non-use mean represents a similar mean for areas not used by dippers.
oo
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Food Availability
Conductivity
Conductivity levels of Bitterroot streams did in fact differ (F = 11.077, P <0.001).
This difference, though, was largely driven by Lolo, which had a significantly higher
mean conductivity than the other 12 creeks on which I measured conductivity (T-test: t =
-12.571, P<0.001) (Figure 14). Mean conductivity of Lolo was 49.70 ± 20.33 micro
siemens (wS/cm) compared to a mean of 9.37 ± 2.55 wS/cm for the other Bitterroot
streams.
Even with the exclusion of Lolo, however, differences in conductivity among the
rest of the Bitterroot streams remained (ANOVA: F = 3.864, P = 0.003). With the
exception of Lolo Creek, Sweathouse, Mill, and Bass creeks had the highest conductivity
levels (Table 15). Their exclusion from the analysis resulted in there being no significant
difference in the conductivity of the remaining creeks (ANOVA: F = 2.116, P = 0.096).
There was no significant correlation between the mean conductivity of and mean
dipper densities on the streams (Spearman’s rho = 0.160, P = 0.602). Nor was there any
correlation between the mean productivity of dippers on each stream and the conductivity
of those streams (all creeks: Spearman’s rho = -0.105, P = 0.744, excluding Lolo: rho - 0.297, P = 0.375).

Behavioral Observations
Food delivery rates by adult dippers to their nestlings were highly variable both
in 1996 and in 1997 (Table 16). A full-day watch on Kootenai #2 in 1996 showed
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Figure 14 Mean conductivit>' (specific conductance) (± 2 SE) of thirteen Bitterroot
streams during May - July of 1997. Conductivity units are in micro-siemens (wS/cm).
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Table 15. Mean conductivity and productivity (number of young fledged) of thirteen
Bitterroot streams in 1997. There was no significant correlation between conductivity
and productivity (Spearman’s rho = -0.105, P = 0.744).

Stream

Bass
Bear
Big
Blodgett
Canyon
Fred Burr
Gash
Kootenai
Mill
Roaring Lion
Sheafinan
Sweathouse
Lolo

Mean
Conductivity

9.67
7.73
8.45
7.45
8.60
9.23
9.50
8.88
11.83
7.20
8.05
13.98
49.70

SD

n'

Mean
Density^

Mean
Productivity

0.11
0.91
0.60
0.40

4(2)
3(3)
4(3)
3(3)
1(1)
3(2)
2(1)
4(3)
3(3)
3(2)
2(1)
4(2)
3(6)

0.28
0.19
0.48
0.46
0.00
0.34
0.25
0.35
0.29
0.42
0.10
0.48
0.46

2.00
4.00
3.50
3.00
3 00
1.50
3.00
3.33
3.75
4.50
2.00
3.17
4.00

—

1.46
0.85
0 99
2.17
0.40
1.34
4.45
20.33

*Number of days on which conductivity was measured. Number in parentheses represents
the number of sites measured per stream.
^ Density equals number of territories per km.
^ Number of nest sites for which we were able to determine productivity.

SD

n"

2.83
5.66
2.08
0.82

2
2
3
4

...

2.12
—

0.58
0.50
0.71
—-

1.72
2.65

2
1
3
4
2
1
6
5
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feeding rates that ranged from a low of 11 food deliveries (between 0506 - 0605) to a
high of 29 (between 1006 - 1105). (Mean for the 16-hour period was 16.44 feedings per
hour for a total of 263 feedings). However, when I did an ANOVA comparing the mean
number of food deliveries in each of four four-hour time blocks, I found no significant
difference among the time blocks. Longer behavioral observations (four hours, for
example) would therefore have been more likely to incorporate hourly variability in food
delivery rates.
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Table 16. Food delivery rates of dippers on Bitterroot streams in 1996 and 1997. The
time of day was divided into four four-hour blocks:! = 0500 - 0900,2 = 0900 - 1300, 3 =
1300- 1700,4=1700-2100.

Number of
Time
Number of deliveries/
Age of young
Territory
of day deliveries/hour
young/hour
(in days)'
1996
Bass #1
2
22
5.50
18
__2
Bass #2
2
22
17
Bass #2
2
23
20
4
Bear #1
2
1.33
9
Bear #1
1
27
9.00
16
Bear #2
11
3
Kootenai #1
2
18
4.50
10
Kootenai #1
2
8
2.00
23
Lolo #3a
I
11
11.00
15
2
17
Lolo #4
5.67
17
Lolo #5
2
21
7.00
17
Roaring Lion #1
3
12
4.00
15
Roaring Lion #1
2
18
6.00
23
1997
Bass #1
1
16
4.00
16
B ig#l
1
22
27
5.50
Big #2
2
10
12
Gash#l
2
9
7
3.00
Kootenai #2
2
33
9
8.25
2
Kootenai #2
28
7.00
16
Kootenai #2
1
26
22
6.50
Kootenai #2
2
25
22
6.25
Kootenai #4
1
16
22
5.33
2
9
Lolo #1
19
2
18
Lolo #1
18
2
20
6.67
18
Lolo #2
21
4.20
12
Lolo #5
2
12
1
19
6.33
Lolo#7
8
Mill #4
1
6
2.00
22
3.00
2
15
Roaring Lion #la
19
5.00
2
10
Sheafinan #1
19
6.25
2
25
Sweathouse #3
8.33
13
25
1
Sweathouse #2
10.33
15
2
31
Sweathouse #2
16
8.33
25
1
Sweathouse #2
21
2.60
13
2
Sweathouse #4
20
4.75
19
2
Sweathouse #6
*The age of young at the time of the behavioral observation was back-calculated from the
fledge date which was estimated to occur at 24 days of age.
^
” signifies that number of young was unknown so food delivery rate could not be
calculated.
—

—

—
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—
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Overall Logistic Regression Model
Having assessed the various factors that might affect dipper presence/absence in a
particular area separately by comparing the habitat characteristics of use and non-use
areas, I then combined the most significant variable of each group of characteristics into
an overall logistic regression model. (Measures of food availability had to be excluded as
the data were not amenable to this type of analysis). I first created a model using
elevation, gradient, width, depth, gravel, white water, level of development, and number
of available nest sites. This model was highly significant in predicting dipper
presence/absence (X^ = 58.830, P <0.0001). However, not all factors contributed
significantly to the model.
I then used stepwise logistic regression to assess the relative importance of these
variables. The number of available nest sites was the most important factor in
determining dipper presence/absence (X^ = 38.352, P< 0.0001). Indeed, the availability
of nest sites alone was a better predictor of dipper presence/absence than any other
combination of variables. Nevertheless, based on forward stepwise regression, the model
for predicting dipper presence/absence included nest site availability, elevation, and
gravel (X^ = 51.279, P <0.0001). The inclusion of elevation, despite its non-significance
based on univariate tests may have been due to the fact that it was only one of two
variables (the other being width) that was not correlated with nest site availability {rho =
0.164, P = 0.190). Therefore, its inclusion into the model presumably provided additional
information. In order to assess the importance of the other habitat variables without the
confounding factor of their correlation with nest site availability, I next excluded nest site
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availability from the analysis, then repeated the stepwise regression procedure. Elevation
dropped out and the model included only depth and gravel (X^ = 26.911, P <0.0001). If
nest sites and depth were excluded, the model consisted of gravel and width
(

= 23.121, P <0.0001). When the above significant variables were excluded,

elevation, gradient, and the level of development were all non-significant contributors to
a logistic regression model predicting dipper presence/absence.

DISCUSSION
Dipper Densities and Distributions
Dippers in the Bitterroot were widely distributed along the streams, as has been
described for other American Dipper populations (Bakus 1959b, Price 1975, Ealey 1977)
and Cinclids in general (Balat 1962, Robson 1956, Shooter 1970). However, dipper
densities in the Bitterroot were substantially lower than those recorded in other studies
(Table 17). This may have been due to differences in methodology, to the low
productivity and limited nest site availability of Bitterroot creeks, or to a combination of
these factors. While most studies of American Dippers have focused on two or three
creeks, I surveyed dippers over a substantially larger area on creeks that were not easily
accessible. Despite the belief of some researchers that it is relatively easy to find all
dipper nests in a particular area (Price 1975, Price and Bock 1983), I may have missed
finding at least a few nests because I was able to survey each stream only once during the
course of the study (with the exception of Kootenai and Sweathouse creeks which we
surveyed once each breeding season). Indeed, when surveying Kootenai Creek in 1997,
we located one nest which we had missed in 1996; (I later learned this nest site had in fact
been used in previous years). We also located one new territory on Sweathouse in 1997.
Whether this nest site had been used the previous year and had been missed by us or was
a new nest, reflective of a between-year fluctuation in breeding density, is not known.
Both of the additional nests that we located in 1997 were within 300 m of known nests.
The close proximity of nests in these two instances was a relatively unusual phenomenon
in this study area and may have contributed to our missing them the first time we
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Table 17. Mean densities of American Dippers (number of birds per km) in four
different studies.

Density
(birds/km)*

0.66 ± 0.24:
1.19
1.18 ±0.26
1.58 ±0.17

1.933
1.293

Location

Bitterroot Creeks, MT
Southern Alberta, Canada
Boulder Creek, CO
South Boulder Creek, CO
Rattlesnake Creek, MT
Lolo Creek, MT

Years of
Study

1996-1997
1975-1976
1971-1973
1971-1973
1963-1967
1963-1967

Reference

This study
Ealey, 1975
Price and Bock, 1983
Price and Bock, 1983
Sullivan, 1973
Sullivan, 1973

‘ Standard deviations were not available for all studies.
^ I converted my earlier calculation of density of territories per kilometer by assuming that there
were two birds per territory.
^ Sullivan (1973) reported only number of nests per mile. I converted miles to kilometers
and multiplied the result by two, based on the assumption that there were two adults per nest.
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surveyed the creeks.
Densities of breeding dippers may show between-year fluctuations. Surveying
creeks in only one of the study years might also have led to an underestimate of dipper
densities if we happened to survey during a low year. Price (1975) witnessed some
between-year fluctuation in the numbers of breeding dippers in his study area (densities
were 40,44, and 32 birds during the three years of his study), as did Sullivan (1973) (45,
35,40). (However, the dramatic reduction in numbers of breeding dippers between the
second and third year of Price’s study may have been due in part to a large humaninduced siltation event that occurred in the upper portion of one of his study creeks).
Ealey (1975), on the other hand, found the numbers of dippers initiating breeding during
the two years of his study to be fairly constant (45 and 43). In the Bitterroot, densities on
the creeks that we surveyed in 1996 were similar to those on creeks surveyed in 1997. In
addition, we were able to recheck 20 (out of 24) of our 1996 nest sites in 1997. Of these
20,17 (or 85%) of these sites were re-used in 1997. Dippers did in fact initiate nests on
the three sites that were not reused, but they aborted their nest attempts during the
building phase. (Whether they renested elsewhere is not known). Although there may
have been some between-year variability in the density of breeding birds on my study
area, this factor does not appear to be significant enough to explain my low overall
densities. In conclusion, while methodology may have contributed to a slight under
estimate in the density of breeding dippers in the Bitterroot, it is perhaps more likely that
low food availability and limited nest sites are responsible for the low densities that we
recorded. These factors will be discussed in a later section.
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Dipper densities were highest on the large (canyon) creeks. Fewer potential nest
sites were available to dippers on mid-sized creeks. In addition, dippers may have had to
defend longer, narrower territories, rather than shorter, wider ones, to accommodate their
food needs. Eurasian dippers have been shown to have longer territories on narrower
streams (Robson 1956).
Canyon creek was unusual in being the only “large” creek with no dippers. I was
unable to determine whether we found no dippers on the surveyed portion of Canyon
Creek due to a lack of suitable nest sites or because the creek was unsuitable in some
other way. Much of the area that we surveyed was choked with downfall and it is
possible that we missed seeing dippers, though no signs of dippers, such as fecal matter
on emergent rocks, were apparent. However, juvenile dippers were sighted in the
surveyed portion of Canyon Creek in August. Since nest site availability appeared
limited in the area that we surveyed, I suspect that these dippers came from somewhere
upstream (in particular, a waterfall area located outside the surveyed area near the source
of the creek could well have had dippers).
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Dipper Nesting Success and Productivity
Nesting success of Bitterroot dippers was slightly higher than that of other studies
(Table 18). Predation and flooding were the greatest causes of nesting failure. Although
he does not give numbers, Ealey (1977) also claims to have lost “a number" of nests due
to flooding in the first year of his study (Table 18). The percentage of nests lost to
flooding during the course of my study may not have been typical, since the study was
conducted during two record-high water years. Predation in the Bitterroot was a more
significant cause of nesting failure than in any other study. Because the majority of my
birds were unbanded, this difference could possibly be the result of my erroneously
attributing certain nest failures to predation, when in fact they may have been the result of
usurpation by other dippers or of some other factor. Given the relatively low incidence of
usurpation by dippers in other studies, however, the former possibility does not appear to
explain my substantially higher rates of predation. Six of the eight nests that appear to
have been depredated in the Bitterroot were on bridges, two of which lost nests to
predation in both 1996 and 1997. Such an occurrence lends possible support to the idea
that at least certain bridges may serve as ecological traps for dippers, by subjecting the
birds to pressures for which they have not evolved adequate defenses. One of the natural
nests that was depredated was on a large boulder, located very close to the shore, adjacent
to a home that had an abundance of red squirrels (Tamiasciurus hudsonicus) due,
perhaps, to the presence of multiple bird feeders. In a more natural situation, with more
typical densities of squirrels, such a nest would probably have been successful (as indeed
it was during the first year of the study, when squirrels appeared to be far less abundant).
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Table 18. Nesting success (percent of nests fledging at least one young) and causes of
nest failure in five American Dipper studies.

This Study
Montana

Ealey 1977
Alberta

Price 1975
Colorado

Sullivan 1973
Montana

Bakus 1957
Montana

Nesting Success*

80.0%

72.2%

61.8%2

78.5%

57.1%^

Total Number of failed nests'*
Percent lost to:
Predation
Flooding
Nest destroyed by humans
Nest destroyed by unknown
Death/abandonment by adults
Other dippers
Genetically damaged female
Starvation/disease
Unknown

n = 12

n = 31

n = 17

66.6%
16.7%

16.7%*

22.6%
9.7%
3.2%
25.8%
3.2%
9.7%
3.2%
22.6%

17.6%
11.8%
35.3%

5.9%

29.4%

' Nesting success calculated by dividing the total number of nests by the number of successful nests.
^ Price’s nest success may have been low, in part, because of a human-induced siltation event that led to a
food decline and nesting failure on one of his study creeks in 1972.
^ Based on a low sample size (n=7).
^ Data on failed nests not available for Ealey and Bakus.
^ One of these two cases may have been due to usurpation of the territory by another dipper.
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While humans were responsible for the destruction of several nests in Sullivan’s
(1973) and Price’s (1975) studies, no nests in the Bitterroot appeared to have failed
because of humans. This was perhaps due to fortuitous timing and high water that made
the nests of many bridge-nesting dippers inaccessible to people during the breeding
season. One bridge nest was found squashed by a rock that had been thrown onto it
shortly after the young had fledged.
Dipper productivity in the Bitterroot was comparable to that of other studies
(Table 19). The incidence of second broods was lower in the Bitterroot than in Colorado
and Utah, even when considering only bridge-nesting dippers. Forty percent of the adults
in Price and Bock’s (1983) study initiated second broods after fledging their first brood
compared to approximately 11-13% in the Bitterroot (or 20% when considering only
bridge-nesters). Everett and Marti (1979) reported that 45% of the dippers in their Utah
study area double-brooded. Sullivan (1973), on the other hand, recorded a much lower
incidence of second broods, 3 out of 52 nesting attempts (6%) in his Montana study.
Similarly, only one of 30 nests (0.03%) produced a second brood in Ealey’s study (Ealey
1978). Rates of double-brooding in the Bitterroot were more comparable to those of
Eurasian Dippers in parts of Europe. Overall, the incidence of double-brooding in
Eurasian dippers is highly variable, ranging from approximately 5.0% in Scandinavia to
as high as 49.0% in parts of central Europe (S. Ormerod, pers. comm.). Variability in the
frequency of double-brooding even occurs in places of similar latitudes. For example,
20.0% percent of Eurasian Dippers in Wales initiated second broods compared to less
than 5.0% in Ireland (S. Ormerod, pers. comm.). The incidence of double-broods also
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Table 19. Productivity, or the number of young fledged per adult, in four different
studies.

Productivity
(young/adult)*

1.37 ±0.862
1.21
1.63

1.452

Location

Years of Study

Montana
Alberta
Colorado
Montana

1996-1997
1975-1976
1971-1973
1963-1967

*Standard deviations were not available for all studies.
^ Assumes that there were two adults per nest.

Reference

This study
Ealey, 1975
Price and Bock, 1983
Sullivan, 1973
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varies on a local scale depending on water quality. In Wales, only dippers on
circumneutral streams double-brooded (Ormerod et al. 1991). Dippers on acidic streams
did not. Similarly, in Scotland, a significantly higher proportion of pairs nesting on nonacidic streams produced two broods (18.2% compared to 1.9% on acidic streams)
(Vickery 1992).
While the productivity of Bitterroot dippers was comparable to other studies,
several factors may, in fact, have contributed to a slight underestimation of productivity
in my study area. To begin with, I was unable to document the number of young fledging
from several second broods. In addition, in at least one, and possibly two instances, I
located the nest site when the adults were already into what was very likely their second
brood. As a result, I was unable to record the productivity of their first brood. Both these
problems led to an underestimation of nest site productivity and also to a slight
underestimation of the overall productivity of dippers in the Bitterroot.
Another possible source of error in my estimations of productivity was revealed to
me by a banded female (#3405), who initially nested on a bridge in the lower portion of
Fred Burr Creek (territory FB#2). Having fledged three young with a banded male (on 16
June 1997), #3405 moved to a neighboring drainage (Sheafman Creek) and flew upstream
almost to the Selway Bitterroot Wilderness boundary. When we came upon her while
surveying Sheafrnan (on 11 July 1997), she was feeding nestlings (approximately 3-5
days old) in a crevice with an unbanded male. Because several of our low elevation
bridge-nesters disappeared soon after fledging young (in May of 1997), I suspect that they
too may have moved upstream (possibly even switching drainages) to nest again. If this
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were indeed the case, bridges, which may allow dippers to nest early in a low-elevation
territory then relocate and nest again in a higher elevation area, will have had an even
more profound effect on dipper ecology than has heretofore been suspected. If some
dippers do in fact double brood in different locations, underestimating their productivity
and overestimating their densities (double counting unbanded birds that moved from high
to low elevations) are very real possibilities for dipper researchers.
Finally, I looked at productivity primarily in one season, 1997. As Price
illustrated, there was significant between-season variability during the course of his threeyear study. According to Price and Bock (1983), Avinter and early spring weather were
important factors in determining the timing of breeding and therefore the incidence of
second broods for dippers in their study area. A mild winter and early spring might
induce some of the dippers nesting on natural nest sites at low to mid elevations in my
study to nest early, possibly allowing them time to produce two broods. To determine
whether I recorded productivity during a high, average, or low year would require further
study.
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Factors Affecting Dipper Distributions and Productivity
Topography - Elevation and Gradient
According to Wiens (1989), comparing habitat features of occupied and
unoccupied areas can reveal nonrandom patterns of habitat occupancy, as long as areas
are not unoccupied due to interspecific territorial exclusion, chance effects on territorial
placement, or low overall densities. In using such a design to examine factors that might
have influenced the breeding distribution of American Dippers, I was able to look only at
correlations among variables, as were Price and Bock (1983) in their Colorado study.
Although causation cannot be inferred from correlations (James and McCulloch 1990,
Price and Bock 1983), especially in studies where specific hypotheses regarding the
relationships between a particular species and specific habitat variables have not been
determined a priori (Rexstad et al. 1988), certain habitat features in this study were
related to dipper distributions and productivity in ways that appeared to be not only
biologically meaningful, but that also concurred with other research conducted on
American and Eurasian Dippers. Ultimately, it may be impossible to ascertain whether
my inferences regarding the relationship between dippers and the selected habitat
variables that 1 examined are valid or whether they represent merely chance associations.
Nonetheless, they will, 1 hope, contribute to our overall understanding of dipper ecology.
Several authors (eg., Shaw 1978; Marchant and Hyde 1980; Ormerod et al. 1985a,
1985b; Tyler and Ormerod 1994) have suggested that differences in elevation and/or
gradient may help explain variability in the breeding abundance of riparian birds in
general, and Eurasian Dippers in particular, among and within different regions (primarily
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due to the impact of these factors on stream geomorphology). Ormerod et al. (1985a)
found dipper abundance to be strongly correlated with gradient. This may have been due
to the high relative abundance of certain macro-invertebrate groups in tributaries that had
steep gradients (Ormerod et al. 1985a). In another study, however, Ormerod et al. (1986)
found no difference in the elevation and gradient of sites with and without breeding
Eurasian Dippers. I similarly found no correlation between elevation/gradient and the
distribution of breeding American Dippers in the Bitterroot. This, most likely, was due to
the presence of bridges, which provide nest sites at lower elevations and flatter gradients,
where natural dipper nest sites, such as cliffs and large boulders, are scarce. Were it not
for the availability of bridges, which have enabled dippers to exploit the lower stream
reaches, dippers would most likely have been distributed at higher elevations and steeper
gradients than I found them to be.
Correlations between elevation/gradient and dipper productivity in the Bitterroot
were more complex. Studies and observations of both Eurasian Dippers (references in
Cramp et al. 1988; Ormerod et al. 1991) and American Dippers (Bakus 1857,1959a,
1959b; Whitney and Whitney 1972; Sullivan 1973; Price 1975; Ealey 1977) have shown
the timing of nesting to be related to elevation. Dippers in the Bitterroot followed this
general pattern by initiating nesting earlier at lower elevations. Whether the relationship
between the onset of nesting and elevation is related to food availability (Shaw 1978,
Vickery 1992), to the hydrological cycle (Price and Bock 1983; S. Ormerod, pers.
comm.), or to a combination of these factors, is not known.
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In one study on the Eurasian Dipper, elevation was not only related to the
initiation of nesting, but also to brood size (Shaw 1978). Brood size tended to increase
with elevation, peaking in nests built between 300 - 400 m (Shaw 1978). However,
neither Vickery (1992), nor Ormerod et al. (1991) found any evidence that elevation was
related to either clutch or brood size. Similarly, 1 found no correlation between
elevation/gradient and the productivity of individual nests in the Bitterroot. Elevation
and gradient did, however, appear to be related to the productivity of nest sites. This was
probably due to the fact that all second broods were initiated on bridges, which generally
occurred at low elevations. As a result, low elevation/low gradient nest sites had greater
productivity than high elevation/high gradient sites. Had we been able to document
overall productivity for all double broods in our study area, the correlations between
elevation/gradient and the productivity of nest sites would have been far more significant.
Price and Bock (1983) also recorded second broods only at lower elevations. They report
finding none above approximately 1830 m (although they did see replacement broods
above this elevation). Unfortunately, though. Price does not indicate the types of nest
substrates on which his second broods were initiated.

Stream Geomorphology - Width and Depth
Assessing the relationship between the width and depth of streams and dipper
distributions and productivity is complicated by the fact that dippers exhibit different
needs for foraging and nesting. According to Price and Bock (1983), “A wide section of
stream was likely to be shallow and hence have accessible food. The best nest sites and
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molting refuges, however, tended to be in steep, narrow sections” (p. 47). Because of this
dichotomy, they concluded that the width of streams was not a significant factor in
determining the dispersion of dippers. [Price and Bock (1983) calculated a width index,
as opposed to measuring width exactly, and did not gather any information on depth].
Ormerod et al. (1986) similarly found no difference between the width and depth of sites
with and without dippers after the exclusion of 14 sites on streams that were less than 2 m
wide.
In the Bitterroot, however, width and depth did appear to be related to dipper
distributions in that dippers were more likely to occur on larger (wider and deeper)
streams. The abundance of dippers in larger streams was most likely the result of the
larger streams having a greater availability of nest sites (smaller streams rarely had
frequent cliff and large boulder areas or bridges with ledges) and presumably more food
(given their larger area). The lower availability of food on smaller streams has been
suggested, in several studies, by the fact that dipper territories were longer on narrower
streams (Robson 1956, Ealey 1977). Furthermore, Price and Bock (1983) found that
territories with less available food were longer.
Unfortunately, the significance of the difference that I found in the depth of use
vs. non-use areas may be somewhat limited as a result of the timing of my measurements.
Ideally, I should have measured depth during the breeding season. The high water and
high-velocity flows of the spring runoff, however, precluded my being able to measure
depth at this time. Price and Bock (1983) decided against measuring depth on their study
streams because of significant daily fluctuations. Nonetheless, my measurements of
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depth at the end of the breeding season did give me at least some idea of potential
differences between dipper territories and non-use areas. Given the fact that “the
mainstay of [dipper] foraging habitat is shallow water” (Cramp 1988, p. 511), the
significantly greater depth of dipper territories compared to that of non-use areas was
particularly interesting. The fact that depth became the most significant factor in
predicting dipper presence/absence when the availability of nest sites was excluded from
my overall logistic regression model is even more so. The proclivity of dippers for
nesting over deep water (Whitney and Whitney 1972) may have been partly responsible
for this difference. However, the effect of depth at the nest was probably mitigated by the
fact that it was only one of nine measurements used in determining mean depth of the
territory. Differences in depth could also have been the result of dippers preferring wider,
deeper streams as opposed to narrower, shallower ones.
Another possibility is that non-use areas were more affected by dewatering than
were dipper territories. Although the percent change in the water width of use and non
use areas was not significantly different, the two years in which I conducted the study and
the year (1997) in which I made this comparison were record-high water years in the
Bitterroot Valley. I suspect that during more normal years, the difference between water
levels of use and non-use areas might be even more exaggerated.
In 1996, several areas that were not used by dippers had good bridges (for
potential nest sites) but were completely dewatered by the end of the season. Were
dewatering to have an effect on dippers, the likely mechanism would be through a
reduction of their food supply. Many aquatic invertebrates are not adapted to long

106

periods of dessication (A. Sheldon, pers. comm.). If fewer insects were able to survive in
an area that was dewatered, the food supply for dippers the following breeding season
might be impoverished. Indeed, according to Tyler and Ormerod (1994) temporary
streams contain fewer invertebrates than do permanent watercourses. While certain
insects may have adapted to surviving in intermittent streams, insects in streams that have
only recently begun to be dewatered for irrigation are less likely to have evolved
adaptations to extended periods of dessication.
To my surprise, however, two of the bridge areas that had been completely
dewatered in 1996 had dippers nesting in them in 1997. If dewatering did indeed effect a
lower level of available food in these areas, these sites may actually have been suboptimal
ones that filled only in years of high dipper density. However, dippers at one of these
sites produced two broods of four young each at this territory in 1997, suggesting that it
was not a low-quality site.
Severe dewatering of streams certainly can be detrimental to dippers (Bent 1948,
Price and Bock 1983, Tyler and Ormerod 1994, Kingery 1996) and is likely to be so in
the Bitterroot, particularly in low water years when stream water might be drained prior to
the end of the breeding season. However, more extensive study is needed to determine
conclusively whether the deeper waters of dipper territories in the Bitterroot were merely
a function of stream geomorphology (wider, deeper streams holding more water than
narrower, shallower ones) or were in fact due to the avoidance of dewatered areas by
dippers.
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Stream Substrate and Water Flow
Streams used by dippers generally exhibit such physical characteristics as riffles,
pools, shallow clear water, and protruding rocks (Tyler and Ormerod 1994). However, as
it did with my analysis of width and depth, conflicting characteristics of preferred dipper
foraging and nesting habitats may have complicated my assessment of the relationship
between stream substrate and water flow and dipper distribution and productivity. For
example, while large boulders may serve as nest sites, they are not as productive in terms
of aquatic invertebrates as rubble (rocks 2-20 cm in size) (Pennak and Van Gerpen 1947).
Stream substrate and water flow affect not only the density and distribution of the aquatic
invertebrates and other organisms upon which dippers feed (Pennak and Van Gerpen
1947), but also the ease with which dippers are able to forage (Price and Bock 1983).
Chute areas bounded by cliffs may represent ideal nesting habitat, but do not satisfy
dipper foraging needs as do stretches of riffles with emergent perching rocks.
Of four substrate types characterizing a Colorado trout stream, Pennak and Van
Gerpen (1947) found rubble (generally associated with riffles) to be the most productive
in terms of aquatic inverterbrate abundance and diversity, followed by bedrock (or large
boulders), coarse gravel, and, finally, coarse sand (but see Hawkins 1982). Scullion et al.
(1982) found a greater density of invertebrates in riffles than in pools (though species
richness was similar) in the unregulated River Wye. Several dipper researchers have
stressed the importance of riffle areas in determining dipper densities and distributions
(Shooter 1970, Vickery 1991). Shooter (1970) felt that territory size was primarily
controlled by the extent of riffle areas. Vickery (1991) similarly found that territories that
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contained a high percentage of riffle were significantly shorter than those containing less
riffle. My analysis did not reflect the significance of riffle areas for dippers in the
Bitterroot, though they clearly can be very important in terms of dipper foraging. This
may have been due in part to the limitation of a study design based on comparisons of use
and non-use areas. Because riffle areas were less abundant in dipper territories than in
non-use areas, it would be easy, though potentially erroneous, to conclude that they were
not important to dippers. Riffle areas were common in the Bitterroot study area. Their
prevalence in non-use areas simply may mean that something other than the extent of
riffle areas is needed to explain the lack of dippers in these stretches of stream.
In general, dipper territories had more white water than did non-use areas.
Dippers with territories that have a great deal of white water may compensate by having
longer territories in order to incorporate riffle areas. Unfortunately I was not able to
determine territory lengths and only did measurements on a portion (800 m) of the
dippers’ territories. Perhaps the preponderance of white water on dipper territories
contributed to the lower densities of birds in the Bitterroot, if dippers were having to
defend longer territories in order to control areas that were suitable for foraging. Another
possibility is that the preponderance of white water in dipper territories was merely
reflective of areas that had a greater availability of nest sites and therefore more dippers,
since the riffle areas used for foraging often had a paucity of nesting substrates.
In addition to having more white water, dipper territories had more boulders and
less sand, silt, and gravel than did non-use areas. High-gradient areas are often associated
with more boulders and cobble (rubble), while low-gradient areas generally have more
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sand and gravel (Hawkins et al. 1982). Nonetheless, since my dipper territories did not
differ in their gradients, differences in substrates between use and non-use areas were not
merely an artifact of gradient. Although, with the exception of gravel and silt (in 1997
when Lolo was excluded), the substrate differences were not significant after applying a
Bonferroni test to adjust for multiple comparisons, they may still have biological
significance. My findings matched our impression when gathering data that many non
use areas had more sand, gravel, and silt, than did dipper territories. Pennak and Van
Gerpen (1947) showed gravel and sand to be the least productive substrates, while
Scullion et al. (1982) showed that heavy siltation by fine inorganic particles in riffle areas
resulted in the reduction in both invertebrate abundance and species diversity. Price
(1975) and Price and Bock (1983) also documented the detrimental effects of siltation on
the availability of dipper food when a human-induced siltation event that covered the
upper end of one of their study streams resulted in the failure of all the dipper nests in the
affected area. Clearly siltation in the Bitterroot is not occurring on this scale, yet even the
slight difference in silt levels, combined with the differences in the levels of gravel and
sand, may represent a very real difference in the food availability in dipper territories and
non-use areas.

Streamside Cover
Streamside cover can affect dippers directly in terms of providing them with
protection from predators and indirectly through its effect on dipper food resources.
Vegetation bordering streamsides strongly affects levels of insolation reaching the

110

streambed and the type and level of detritus deposited in streams, both of which can
influence the diversity and abundance of the invertebrate fauna (Hawkins et al. 1982).
My cover index allowed me to assess the level of cover available to hide dippers from
predators, but did not supply me with the information I would have needed to assess the
effect of cover on the availability of food in the streams. Nonetheless, the fact that my
streams, particularly at higher elevations, were dominated by conifers may in itself
provide some clues to the availability of food in the streams. Ormerod et al. (1986) found
significantly more dippers when broad-leaved trees lined the stream banks. In addition,
they found fewer dippers in catchments that were afforested with conifers (Ormerod et al.
1986). However, while studies of the effect of riparian vegetation on Eurasian Dippers
frequently focus on the greater acidity of streams in afforested catchments, the Bitterroot
streams are still considered to be relatively pristine and generally neutral (A. Sheldon,
pers. comm.).
Nevertheless, although the presence of conifers may not be affecting the pH of
Bitterroot stream waters, they may not be contributing as much to stream productivity as
would deciduous vegetation. Hawkins et al. (1982) found that the type of canopy
surrounding streams in Oregon significantly influenced the abundance and diversity of
aquatic invertebrates. Both second-growth deciduous canopy and the absence of canopy
resulted in more allochthonous inputs into the streams than did old growth coniferous
canopy (Hawkins et al. 1982). Harriman and Morrison (1982) similarly found that lack of
cover might be beneficial in terms of food availability because they found a lower
biomass of aquatic invertebrates in areas where light penetration was obstructed by
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overhanging cover. According to Tyler and Ormerod (1994), dippers were scarce on
streams flowing through conifers, irrespective of water quality, because the dense shade
created by conifers resulted in lower water temperatures and impoverished benthic
invertebrate and fish communities. Because of its greater width, Lolo Creek seemed to
receive a greater level of insolation than did the other Bitterroot creeks. It was also
unusual in that the vegetation lining its banks along the entire stretch comprising the
study area was deciduous. Lolo’s openness and deciduous vegetation likely contributed
to its higher conductivity. The studied portions of Price and Bock’s (1983) streams were
also completely lined with deciduous vegetation. If their streams were concomitantly
productive, the greater level of food available to their dippers may in part be responsible
for the higher densities in the Colorado study.
My stream cover index was modeled after that of Price and Bock (1983) and
reflected the percent of the stream bank in the measurement area that was covered by
vegetation, rocks, and any other things suitable for hiding dippers. Based on this
definition, cover did not appear to be related in any way to dipper distributions in the
Bitterroot. Price and Bock (1983) likewise did not find that cover was an important
factor in determining the breeding distribution of Colorado dippers. Indeed, they noted
that even the complete absence of cover did not appear to deter breeding dippers (Price
1975, Price and Bock 1983). Buckton and Ormerod (1997) and Buckton et al. (1998)
actually found a preference for managed banks and canals in studies of the Eurasian
Dipper. They attribute this penchant to the ready use of human artifacts, such as bridges
and walls, by dippers as nest sites (Buckton and Ormerod 1997, Buckton et al. 1998).
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Cover levels of 10-50% did appear to be correlated to the productivity of dippers
in the Bitterroot. This correlation may have little biological validity due to the low
frequency of this level of cover in both dipper territories and non-use areas.
Alternatively, this correlation and the negative correlation between dipper productivity
and cover levels of greater than 50% may be related to the fact that the productivity of
dippers was higher at low elevations. Low elevations experienced more development
than did higher elevations and consequently experienced lower cover in certain areas. As
a result, lower cover would be associated with higher dipper productivity. Finally, a third
possibility may have been that the positive correlation between low cover levels and high
dipper productivity was related to the greater productivity (in terms of aquatic
invertebrates) of the lower stream reaches which were not shaded by as much cover as
were the upper reaches.

Availability o f Nest Sites
The availability of nest sites has been shown to limit the densities and
distributions of numerous bird species (Lack 1954, Newton 1980). This is particularly
true for birds such as secondary cavity nesters that have very specific nest site
requirements and for whom nest sites are often scarce (McLaughlin and Grice 1952,
Sternberg 1972). Because of their complete restriction to stream courses, dippers have a
narrower range of options in terms of nesting than do typical passerines. In addition, they
exhibit very specialized nest site requirements, needing inaccessible ledges, usually over
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water (Hann 1950), that are safe from predators and inclement weather (Price and Bock
1983).
Interestingly, considering their close ecological and behavioral similarities,
Eurasian Dippers and American Dippers appear to differ markedly in their degree of
flexibility in selecting suitable nest sites. According to most researchers, Eurasian
Dippers are extremely flexible and readily use a wide range of human-made and natural
nest sites (Shaw 1978, Ormerod et al. 1985a, Ormerod et al. 1986, Vickery 1991).
Because of this inherent flexibility, nest sites are not thought to be a limiting factor in the
distribution of Eurasian Dippers (Tyler and Ormerod 1994).
Despite occasional reports of unusual nesting sites of the American Dipper
(Whittle 1921, Sullivan 1966), a majority of researchers have remarked upon both the
specialized nesting requirements of the American Dipper and the scarcity of choice
nesting sites (Cordier 1927, Whitney and Whitney 1972, Sullivan 1973, Price and Bock
1973, Morse 1979, Price 1975, Ealey 1977, Price and Bock 1983). Only Marti and
Everett (1978), have claimed that nesting sites were abundant and evenly spaced in their
study area. Sullivan (1973), Ealey (1977), and Price and Bock (1983), all believed that
the nest site requirements of American Dippers combined with the birds’ aggressive
territoriality were responsible for the irregularly distributed and widely dispersed nature
of their study populations. Sullivan (1973) points to the fact that all nest sites used by
American Dippers in 1956-1957 (Bakus’s study) were still being used in 1964-1967 and
the fact that all potential nest sites resulting from bridge construction on Lolo Creek were
occupied soon after the bridges were built as evidence that nest sites are the critical
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resource for dippers and that the density of dippers is determined largely by the number of
suitable nest sites available on creeks. Many of the dipper territories in Price’s (1975)
study were open-ended (i.e., not bordered by another territory) because of a lack of
available nest sites in the adjacent stretch(es) of stream. This also appeared to be the case
in my study area.
There was a significant difference in the availability of nest sites in use and non
use areas in the Bitterroot. Furthermore, nest site availability was the most significant
variable in explaining dipper presence/absence both when placed in a logistic regression
model with the other habitat variables that I measured and when its importance was
assessed using stepwise logistic regression. (Unfortunately my assessments of food
availability could not be incorporated into this analysis). This finding concurred with my
impression, when surveying the streams, that the critical factor missing from most non
use areas was available nest substrates. Although several non-use areas had what we
deemed “potential” nest sites, these were generally of poor quality. Furthermore, many
non-use areas seemed eminently suitable for dippers, in terms of foraging, yet lacked
suitable nest substrates, so were unoccupied during the breeding season.
Nevertheless, though Sullivan (1973) and Ealey (1977) similarly felt that the
availability of nest sites was the ultimate factor in determining dipper distributions and
densities during the breeding season, certain proximate factors may prevent dippers from
using certain areas despite the presence of high quality nest sites. Indeed, Price (1975)
found that each year some high quality sites were not used. Likewise, Roaring Lion, Mill,
and Sweathouse Creeks all had bridges vnth suitable ledges that were not used by dippers.
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These areas seemed highly unusual to us while surveying because, in general, finding a
high quality nest site virtually seemed to guarantee the presence of dippers in an area.
These three sites had, however, been badly damaged by heavy grazing and cattle use. In
addition, the area downstream of the Roaring Lion bridge was dewatered by the end of
the season and, in 1996, had recently been bulldozed when we conducted our stream
measurements. According to Whitney and Whitney (1972) bulldozing the streambed can
lead to a reduction of the dippers’ food supply as aquatic insects and their larvae have
little time in which to become re-established before winter. Had the stretches of stream
encompassing these potential sites been of better quality, it is quite likely that they would
have been used by dippers.
Newton (1980) mentions two types of evidence necessary to confirming that the
breeding density of a species in a particular area is limited by a shortage of nest sites.
First, breeding pairs must be scarce or absent in areas where nest-sites are scarce or
absent, but which seem suitable in other respects (e.g., non-breeders might use the area).
This certainly appeared to be the case in my study area. On Canyon Creek, for example,
we found no signs of dippers in the survey area during the breeding season, though we
did see several juveniles in the area in August. Secondly, provisioning artificial nest-sites
may be followed by an increase in the number of breeding pairs. Although I hoped to test
this by putting up nest boxes, [which are known to be used by dippers (Balat 1964;
Hawthorne 1979; Tyler and Ormerod 1994; D. Blacklund, pers.comm.)], in non-use areas
to see if dippers would then breed in these areas, I was unable to do so because of limited
time and resources. Sullivan (1973), however, found Newton’s second condition to be
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true when the construction of bridges across Lolo Creek led to the use of areas which had
previously been devoid of dippers during the breeding season. Ealey (1977) tried to
create artificial ledges in cliffs during the course of his study, while Price (1975) actually
erected several nest boxes. Both experiments met with limited success, perhaps because
of their short duration. Nonetheless, erecting nest boxes in areas known to have an
absence of dippers during the breeding season would be an important experimental
confirmation of the critical role that the availability of high quality nest sites plays in
determining the distribution of breeding dippers in the Bitterroot.

Food Availability
The availability of suitable food resources can be an important determinant of bird
densities and distributions (e.g.. Lack 1954, Newton 1980, Catterall et al. 1982, Enokson
and Nilsson 1983) and reproductive success (e.g., Hogstedt 1981, Ewald and Rohwer
1982, Martin 1987). Dippers are fairly opportunistic feeders, selecting prey according to
relative abundance and size (Mitchell 1968). They prefer large conspicuous prey such as
Trichoptera (caddis larvae) (Mitchell 1968, Sullivan 1973, Ealey 1977, Ormerod 1985),
but will take almost any animals within a broad size range that are available to them
(Mitchell 1968, Vader 1971, Price 1975). During the breeding season dippers feed
primarily on Ephemeroptera (mayfly nymphs), Trichoptera, Plecoptera (stonefly nymphs),
and small fish (Mitchell 1968, Ormerod 1985, Ormerod and Tyler 1991, Tyler and
Ormerod 1994).

117

Studies of the Eurasian Dipper in Europe have shown close correlations between
the abundance of macroinvertebrate prey and dipper distributions (Ormerod et al. 1985a,
1985b). Furthermore, the availability of preferred prey and consequently dipper densities,
have been shown to decrease with increased stream acidity (Ormerod et al. 1985b,
Ormerod et al. 1986, Vickery and Ormerod 1990, Vickery 1991, Tyler and Ormerod
1992). Sites without breeding dippers were more acidic and had lower indices of
Ephemeroptera and Trichoptera abundance than did sites with dippers (Ormerod et al.
1986). The lower food availability of acidic streams affected not only dipper distributions
and densities, but also resulted in reduced dipper productivity (Vickery and Ormerod
1990, Vickery 1992). Rates of food delivery to individual nestlings were significantly
lower at acidic sites than at non-acidic sites, as were clutch and brood sizes, and the
incidence of second clutches (Vickery 1992). Several rivers in Britain that have become
more acidic have had concomitant decreases in the number of breeding dippers (Ormerod
et al. 1985b), showing that food availability can have a limiting effect on populations of
Eurasian Dippers.
Evidence for the availability of food limiting American Dippers is less clear-cut.
Sullivan (1973) felt that while food availability might be important, it was less so than the
abundance and distribution of nest sites and probably did not function as a population
regulating mechanism. While dipper distributions were often correlated with the
abundance of food in both Price (1975) and Ealey’s (1977) studies, the size of dipper
territories was not. The importance of food appeared to vary considerably between
Price’s two study creeks (Price 1975). Nonetheless, the fact that food may be a limiting
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factor was revealed by the 1972 siltation event that resulted in a sharp drop in available
food. Whereas 14 young fledged from the upper 2 km of South Boulder Creek in 1971,
only 4 did so after the siltation occurred in 1972. One pair of dippers successfully
fledged young only by feeding outside their territory. Interestingly, the only other case of
a dipper foraging outside its territory during the breeding season in Price’s study was by a
dipper whose territory had the lowest measured food density (Price 1975). Finally,
several areas that had extremely low insect biomass were not occupied by dippers (Price
1975). On the other hand, the lowest segments of the study areas had the highest food
density, but poor quality nest sites and were therefore only occupied once in three years
(the year of highest population density). Because of such conflicting findings. Price and
Bock (1983) felt that the importance of available food resources and quality nest sites to
dipper distributions were interwoven. Overall, though, their data suggested that good
nest sites were more important than food to birds choosing territories.
Because of the inherent difficulties in measuring the availability of suitable food
for birds in general (Newton 1980, Hutto 1990), and the labor-intensive nature of
measuring the food availability of dippers in particular, 1 was constrained to examining
food indirectly by measuring conductivity and conducting behavioral observations. 1
therefore can make only limited speculations on the effect of food availability on the
distribution and productivity of Bitterroot dippers. According to Newton (1980), if food
is limited, the density of birds in a particular area should be correlated with some index of
food. The conductivity of streams and the density of dippers on my study streams were
not correlated. Given Lolo’s high conductivity, had food been the critical factor in
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determining dipper distributions in the Bitterroot, I might have expected a greater density
of dippers on Lolo than on the other Bitterroot steams. However, overall densities of
dippers on Lolo were similar to several of the other streams. The only available nest sites
in the surveyed portion of Lolo were on bridges. The density of dippers in an area where
bridges were clustered was substantially higher than densities on other creeks (0.93 pairs
per km), reflecting the greater importance of nest sites over food.
Despite the lack of correlation between stream conductivity and dipper densities,
my conductivity measure was crude and consisted of only a small sample size. There was
very likely variation in the availability of food both among dipper territories on the same
stream and among the different streams. Nevertheless, if the low overall conductivity of
the streams was indicative of a low availability of food, this might explain the lower
densities of dippers in the Bitterroot compared to potentially more productive streams.
In addition to being a relatively crude measure of food availability, my
conductivity measure may have been somewhat flawed, if it reflected the presence of
nutrients in the water that did not in fact translate to available food for dippers.
Sweathouse and Mill had the highest conductivity ratings after Lolo. The lower reaches
of these two creeks had experienced heavy cattle use and had undoubtedly received a high
level of nutrient inputs. The slightly higher conductivity of these creeks may not have
been reflective of quality dipper habitat since the streams had been badly damaged, but
rather of nutrient-enriched waters that would not have translated into sufficient food for
dippers.
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The conductivity of my streams was also not correlated with dipper productivity.
However, the small sample sizes and lack of variability in both the conductivity and
productivity of Bitterroot creeks may well have precluded my ability to detect potential
correlations, if in fact there were any, between these two factors among the different
streams.
I had hoped that my observations on the delivery rates of food by adult dippers to
nestlings would provide me with another indirect means of assessing the food availability
of the various territories and streams. According to Vickery (1992), different rates of
food deliveiy can be reflective of the different quality of sites in terms of available food
resources (although studies of time activity budgets provide more direct evidence).
Unfortunately, due to logistical and time constraints, I was unable to gather sufficient data
on mean food delivery rates on different streams or even at different nests to be able to
draw meaningful conclusions regarding potential correlations between food availability
and delivery rates to nestlings.
Several confounding factors also contributed to my inability to evaluate potential
correlations between food delivery rates and the level of food resources in a particular
territory. First, recording the number of deliveries per hour per nestling did not make
allowances for the possibility that dippers bringing in larger prey might be making fewer
deliveries. Indeed, like Sullivan (1973), I found that dippers that brought in fish during a
behavioral watch often had fewer deliveries during that hour. Secondly, the number of
trips per nestling per hour varied greatly depending on the age of the young. Had the age
of the young been known prior to the behavioral observations, we would have been able
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to standardize the timing of these observations [as did Vickery (1992)]. However, due to
the inaccessibility of many of my nests, in the majority of cases I was able to determine
the age of the young at the time of my behavioral observations only by back-calculating
from the fledge date. Food delivery rates also varied substantially depending on the time
of day. Longer behavioral watches may have mitigated the effect of this source of
variation. Finally, while some dipper pairs did appear to make more deliveries to
nestlings than did others, I could not separate the extent to which this was a function of
territory quality (i.e., a high availability of food) or of parental quality. Direct
measurements of the available food resource of the different territories, as well as of non
use areas, coupled with more extensive behavioral observations would probably do much
to clarify the importance of food in determining dipper distributions and productivity in
the Bitterroot.

122

Effect o f Streamside Development on Dipper Distributions and Productivity
Dipper Use o f Developed Areas
A thorough assessment of the effect of streamside development on Bitterroot
dippers was somewhat clouded by inter-correlations among levels of development and
other habitat variables, and by the fact that I could not infer causation from correlations
between development and dipper distributions and productivity. Nonetheless, several of
my findings may be suggestive of the role that development is playing in the ecology of
Bitterroot dippers.
Had dipper territories and non-use areas differed only in their levels of
development, inferences regarding the potential relationship between development and
dipper distributions and productivity would have been more clear-cut. Dipper territories,
however, typically had a greater availability of nest sites, were wider and deeper, and had
less gravel and more white water than did non-use areas. Use and non-use areas differed
little in their levels of development, particularly when Lolo Creek, with its highly
developed territories, was included in the analysis. Despite the high level of development
of Lolo territories, though, the majority of use and non-use areas tended to be relatively
undeveloped. Overall, the low level of development of use and non-use areas seems to
suggest that much non-developed habitat still remains for dippers in the Bitterroot,
Despite the difficulty of separating the potential effect of development on dippers
because of its correlation with elevation, gradient, and cover, it is nonetheless telling that
dippers did not appear to be avoiding most types of streamside development (see
Discussion - Effects of Different Streamside Land Uses). Dippers were distributed along
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the entire elevational gradient of the surveyed portions of streams. As long as the
integrity of the stream remained intact, dippers readily appeared to use stretches of
streams bordered by human settlements, lightly grazed fields, agriculture, and roads. In
several instances, they established territories in areas that were completely developed.
The fact that nest sites appear to be such a limiting factor in determining distributions of
dippers in the Bitterroot may help explain the apparent plasticity exhibited by dippers in
using developed areas. The presence of bridges with appropriate nesting ledges appeared
to attract birds to particular stretches of streams, irrespective of their level of
development. Bridge-nest territories tended to be far more developed than natural-nest
territories, but they were nonetheless successful.
Even more important than the fact that dippers appeared willing to establish
territories in developed portions of streams was the fact that their productivity was not
negatively affected by such development. Productivity was highest at lower elevations,
where the majority of development occurred. It is quite possible that without
development productivity would be higher still, but, without the presence of bridges, nest
sites in these lower stream reaches would be extremely scarce or absent.
The incidence of second broods is frequently reflective of water or habitat quality
(Tyler and Ormerod 1992, Vickery 1992). Studies of the Eurasian Dipper, for example,
found that dippers at acidic sites never had second clutches, while about 20% of those at
circumneutral sites did so (Ormerod et al. 1991, Tyler and Ormerod 1992). Vickery
(1992) similarly found that a greater proportion of Eurasian dipper pairs on non-acidic
streams initiated second broods (18.2%) than did those on acidic streams (1.9%). While
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the incidence of second broods in the Bitterroot appeared to be tied to elevation, the fact
that the mean development rating of dipper territories that had second broods was 8.0
compared to a mean of 3.15 for those not having second broods further suggests that
streamside development was not detrimental to dippers. It appeared neither to hinder the
birds’ settling in a particular area, nor their ability to reproduce successfully.
Potential negative effects of streamside development may be offset by the greater
productivity of the lower stream reaches, where development was most abundant.
Unfortunately, I was unable to assess the potential effect of development on dippers
nesting at higher elevations because these areas were located in the National Forest
portion of my study area, while development was concentrated in the valley portion.

Effect o f Different Streamside Land Uses on Dipper Distributions
Grazing/Heavy Cattle Use
While dippers in the Bitterroot nested and reproduced successfully in developed
areas, not all streamside land uses appeared to be equally benign. Unfortunately, because
so many 1997 dipper territories and non-use areas were largely undeveloped, sample sizes
for each individual land use were generally small. Such small sample sizes may well
have precluded my ability to detect meaningful effects of different types of land use on
dipper distributions and productivity. As a result, conclusions regarding different land
uses are necessarily tentative.
Heavy livestock use can be extremely detrimental to riparian areas, reducing or
eliminating streamside vegetation, disrupting stream channel morphology, altering the
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shape and quality of the water column (by increasing water temperatures, nutrients, and
suspended sediments, and by altering the timing and volume of water flow), and changing
the structure of the soil portion of the stream bank (Kauffman and Krueger 1984).
Surveys in England found that Eurasian Dippers were scarcer on watercourses polluted by
farm wastes (reference in Tyler and Ormerod 1994). Possibly because my samples for
heavy grazing as a streamside land use were small as a result of the majority of my use
and non-use areas being relatively undeveloped, my statistical analyses failed to detect
any negative effects of heavy grazing on dippers. However, while surveying, it became
clear that dippers were conspicuously absent from areas in which streams had been
damaged by heavy cattle use, even when adequate nest sites were available to them in
these areas. At least three areas that had suitable bridges were not used by dippers during
the course of the study. All three of these areas were badly damaged by heavy cattle use
(see Discussion - Nest Site Availability). As a result, it would seem that while streamside
development that does not affect the integrity of the streams themselves may not be
harmful to dippers, nor dissuade them from using particular areas, land uses such as
heavy grazing and cattle use that do affect stream quality could negatively affect dippers
by precluding their use of certain areas, thereby limiting their distributions.

Irrigation
Despite claims or evidence by several researchers that the dewatering of streams
made certain areas inhospitable to dippers (Bent 1948, Sullivan 1973, Price and Bock
1983, Tyler and Ormerod 1994), I was unable to conclusively document a negative effect
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of dewatering on Bitterroot dippers. In general, dewatering occured most dramatically at
the lower elevations where dippers nested earliest. As a result, Bitterroot streams that
were dewatered were not completely dry until after the breeding season. (Had portions of
the streams been dewatered earlier in the breeding season, they clearly could not have
been used by dippers). Nonetheless, it is still quite possible that the intermittent
dewatering experienced by many of the Bitterroot streams could ultimately result in lower
food supplies and make certain areas increasingly inhospitable to dippers. Three lowelevation bridge nests did not have second broods, despite having fledged their first
broods during the last week in May. Whether this was due to the very low water levels in
these territories by the time the first broods fledged, to the birds’ having exhausted their
food supply in these areas, to an increase in the vulnerability of the nest site because of
low water, or to some interaction among these factors is not known. It does seem
plausible, though, that if the streams in these territories had exhibited a greater volume of
flow at the time that the first broods fledged, dippers at these bridge nest sites could well
have initiated second broods.
Unfortunately, due to the limited scope of this study, I could not say to what
extent, if any, the shallower water and the greater percentage decrease in the water width
of non-use areas were due to the dewatering of creeks for irrigation. Bitterroot streams
are riddled with irrigation diversions, yet this unfortunately was not reflected in my
measurement scheme since the diversions did not often occur in the particular spots in
which we conducted our measurements. Furthermore, the fact that the two years of my
study were record-high water years also may have precluded my ability to detect potential
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negative effects of dewatering on Bitterroot dippers. Years of low snowfall and drought
are likely to be the most difficult for dippers, since stream flows are lower in such years
and demands for irrigation water are at their highest. In such years, the distribution and
productivity of breeding dippers very well could be negatively affected by the extraction
of stream water for irrigation.

Urbanization
In adapting to the increased urbanization of their environment by adopting human
artifacts as nest sites and establishing territories amidst human settlements, dippers appear
to have exhibited a great deal of behavioral plasticity. Several Eurasian Dipper
researchers have noted that the birds’ distribution appears to be little affected by the
presence of towns and human activities along the stream banks (Balat 1964, Glutz von
Blotzheim in Cramp 1988), Furthermore, in one study in Ireland, 85.37% of nests were
on human-made structures (82.92% were on or under bridges) (Perry 1983). Robson
(1956) found that of 37 nests, 22 were located near human habitations. Perhaps the
greater flexibility in the nest site selection of Eurasian Dippers is related to their having
had a longer period of time to adapt to anthropogenic changes in their streamside
environment. The fact that development has invaded the realm of the American Dipper
much more recently may be a contributing factor to their seemingly lower degree of
flexibility with regards to the selection of nest sites.
In addition to using human artifacts as nest sites and establishing territories amidst
development, dippers in the Bitterroot also exhibited no apparent aversion to the presence
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of any type of roads. They appeared, rather, to take advantage of roads crossing creeks by
using the ensuing bridge whenever possible. Indeed, several very successful nests (2 of
which produced second broods) were located under an extremely busy highway (Route
93) that experienced almost constant vehicular traffic.
The positive correlation between the presence of roads and the total number of
young fledged per nest site when Lolo was included in the analyses may have been due in
part to a correlation between the presence of roads and the presence of bridges in dipper
territories. Since bridge sites had high overall productivity, dipper territories with roads
(which often had a bridge on which the dippers were nesting) had higher productivity
than territories with fewer or no roads. For the most part though, this pattern appears to
have been driven by the fact that productivity on the Lolo bridges was relatively high and
Lolo had high road ratings, since excluding Lolo made this relationship non-significant.
Nonetheless, roads not only were not avoided by dippers, but their presence also appeared
to have no negative influence on the ability of dippers to reproduce successfully.
Sullivan (1973) commented that humans might benefit dippers in the early stages
of their exploitation of dipper habitat by providing them with bridges as nest sites. He
went on to say, however, “that when human population numbers expand sufficiently, with
a concomitant increase in the concentration of industrial, agricultural and logging
activities, construction of housing, picnic areas and so forth, all of these might encroach
on ancestral Dipper territory and intercede to lower the numbers of this species” (Sullivan
1973). Approximately thirty years after Sullivan’s study and despite substantial
population growth, Sullivan’s fears with regards to the dipper’s success in the Bitterroot
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do not yet seem to have been realized. Dippers appear to be successful, despite
streamside development and, at least on Lolo Creek, bridges that were used by Sullivan’s
dippers are still being used today. Perhaps with the increase in development has come an
increased awareness of the importance of preserving riparian corridors. Whether or not
that is the case, a more extensive comparison between developed and non-developed
dipper territories and a more intensive examination of the effect of different land uses on
dippers is warranted before it can be said conclusively that non-polluting streamside
development has little impact on American Dippers.
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Are Bridges Ecological Traps fo r Dippers?
Benefits and Costs to Nesting on Bridges V5. Natural Sites
Ecological traps are human-altered areas that attract organisms into settling, based
on the presence of certain physical and/or vegetational cues, but which then subject them
to conditions that preclude their being able to reproduce successfully enough to replace
themselves (Gates and Gysel 1978, Best 1986). As a result, ecological traps generally
function as population sinks (Best 1986, Pulliam 1988). Despite their having used
bridges for close to a century, American Dippers have not long been subjected to the
levels of development and the concomitant pressures that have only recently come to
accompany those bridges. Increasingly, the building of bridges is attracting dippers to
areas that are either developed or have the potential of becoming so.
Bridges have clearly benefited dippers in a number of ways, primarily by
providing them with additional nest sites. In many areas, particularly in Europe, bridges
and other artificial nest sites are even more prevalent than natural nest sites (Hewson
1967, Perry 1983, Price and Bock 1983, Tyler and Ormerod 1994 and references therein).
In fact, intensive studies of the Eurasian Dipper in Wales suggest that where dippers have
a choice, they actually seem to prefer bridges to natural sites (Tyler and Ormerod 1994).
Bridges have also benefited dippers by allowing them to colonize the more productive
lower reaches of streams, where natural nest sites are typically scarce or absent (Tyler and
Ormerod 1994).
Nevertheless, bridge nests are often more subject to human disturbance and
flooding [though Tyler and Ormerod (1994) found bridge nests in Europe to be less

131

susceptible to flooding than natural nests]. They may also be more accessible to
predators, many of which occur in increased densities when associated with human
settlements (Wilcove 1985, Andren et al. 1985). Of 158 Eurasian Dipper nests whose
fates were recorded during a thirty-year period (1943-1972), 30% of nest failures were
caused by human removal of eggs. A further 25% of the nests were lost to nest desertion,
which, in many cases, was suspected of having been caused by human disturbance (Shaw
1978). Levels of human-induced nest failure appear to be far lower for the American
Dipper (Table 18), though these may change as development pressures increase.
Nevertheless, the possible failure of 3 out of 3 bridge nests on one of my study streams in
1996 prompted me to examine dipper nest success and productivity on bridge vs. natural
nest sites more closely in 1997. [Of the 3 bridge nests on Fred Burr Creek, FB#1 was
depredated in 1996 and the pair aborted their nest building attempt in 1997. FB#2 was
built on an extremely narrow ledge and fell into the water in 1996. Whether the young
survived is not known. Three young were fledged in 1997. FB#3 was depredated twice
in 1996 (original nest and renest). The first clutch in 1997 was flooded out as high water
raged over the bridge during spring run-off. The renest was depredated. Clearly, certain
bridge nests may be more prone to failure than others].
Despite the generally greater accessibility of bridge nests than natural nests in my
study area, I found no evidence of human disturbance causing nesting failures. In the
only other comparison of nest success (defined as the fledging of at least one young) on
artificial vs. natural nest sites, Shaw (1978) found very little difference between the two
types of substrates for Eurasian Dippers. Of 556 nests (recorded over 30 years), 62.5% of
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natural nests fledged vs. 60.5% of human-made sites (70% of artificial sites were
bridges). Shaw, however, points to possible biases in locating and monitoring nests.
Artificial sites were far easier for the volunteer observers to locate and monitor than were
natural sites. Because of my survey methods, I presumably eliminated the first source of
bias (locating nests), though bridge nests were undoubtedly easier to monitor than many
of my natural sites. I similarly found a slightly higher success rate for natural nest sites
than for bridge nests, though the difference was not significant.
Although the nest success of bridge and natural nests was similar in the Bitterroot,
the productivity of bridge sites was higher, presumably because most bridges occurred at
the lower elevations on the most productive portions of the streams, where dippers could
nest earlier and produce two broods. Thus, even if bridges were slightly more vulnerable
to disturbance, predation, and/or flooding, these potential drawbacks appear to have been
more than adequately compensated for by the ability of bridge-nesting dippers to increase
their overall reproductive output by producing two clutches in a season.
Studies of the Eurasian Dipper have found, however, that dippers appear to
maximize their reproductive output by timing their nesting so that it coincides with the
peak availability of food (Ormerod et al. 1991, Ormerod and Tyler 1993a). Post-fledging
survival was highest for young produced in the peak period of hatching, which occurred
in the middle of the breeding season (Ormerod and Tyler 1993a). The mechanism
underlying the greater survival of broods produced mid-season may be the greater weight
of young produced at this time. Both mass and tarsal length of nestling Eurasian Dippers
were affected by lay date and brood size (Ormerod et al. 1991). Growth rates of nestlings
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declined with seasonal progression (Ormerod et al. 1991). Heavier young have been
found to survive better than lighter young in certain bird species (Perrins and Birkhead
1983). Despite the potential disadvantage that nesting early and/or late might create for
the post-fledging survival of bridge-nesting dippers, Ormerod et al. (1983) did, in fact,
find that double-brooding birds produced marginally more surviving young than did
single-brooding pairs that nested in the peak period.
According to Ormerod and Tyler (1993), the relative benefits of the two strategies
(nesting twice, early and late, vs. nesting once mid-season) are likely to be finely
balanced and liable to vary from one year to the next depending on prevailing conditions.
Birds such as the itinerant breeding female (#3405) from FB#2 (see Discussion - Dipper
Nest Success and Productivity) may, in fact, be exploiting bridges in such a way as to
take the strategy that maximizes the number of surviving offspring produced to the next
level. By breeding early on a bridge, then renesting at a higher elevation, she may well
have been taking advantage of peak food availability for her second brood. Instead of
raising her second brood on the initial bridge site, where food availability had most likely
declined with the progression of the season and the raising of her first brood, she renested
at a much higher elevation, where the availability of aquatic invertebrates typically peaks
later in the season. Several dippers that fledged young at the end of May in my study area
subsequently disappeared from their territories. Whether they were employing a similar
strategy to that of female #3405, raising one brood early on a bridge then moving to
higher elevations to raise their second broods, is not known, but seems plausible. Further
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Study is required to determine if other dippers are indeed employing such a strategy and
whether they are, in doing so, increasing their reproductive output.
Overall, the potential benefits of nesting on bridges in the Bitterroot appear to
outweigh the costs in terms of dipper reproductive success. Despite the susceptibility of
certain bridges, these artificial nest sites generally appear to be playing a positive role in
the ecology of the American Dipper, rather than serving as ecological traps. In the
Bitterroot, at least, stretches of streams with only bridges as nest sites appear to be
functioning as source areas rather than sinks.
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Conclusions and Management Implications
Although American Dippers have abandoned areas polluted by such land uses as
mining (Steiger 1940, D. Blacklund, pers. comm.) and logging, they appear to exhibit
sufficient behavioral plasticity to tolerate moderate levels of anthropogenic modifications
to their habitat. As long as development does not affect the integrity of the stream itself,
dippers appear to survive and reproduce successfully in the midst of streamside
development. Nonetheless, a longer-term assessment over a wider geographic area is
essential before concluding definitively that the presence of houses, roads, and other types
of human intrusions along streamsides, does not negatively affect dipper populations.
Being a top predator that is completely restricted to streams and wholly dependent
on their productivity. Dippers have been suggested as an ideal indicator species of stream
water quality (Vickery and Ormerod 1990, Ormerod and Tyler 1993b, Buckton et al.
1998). Landres et al. (1988) defined indicator species as those organisms “whose
characteristics (e.g., presence or absence, population density, dispersion, reproductive
success) are used as an index of attributes too difficult, inconvenient, or expensive to
measure for other species or environmental conditions of interest” (p. 317). In other
words, indicator species can provide a surrogate measure of the quality of a particular
habitat (Landres et al. 1988). Dippers are important and significant consumers in stream
food webs (Ormerod and Tyler 1991, Harvey and Marti 1993). Areas with abundant
dippers are generally thought to be unpolluted and rich in the aquatic invertebrates that
feed not only dippers, but also fish and other organisms. Despite the potential pitfalls
inherent in the indicator species concept and the limitations of using vertebrates as
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indicator species (Landres et al. 1988), the presence of successfuly breeding dippers in a
particular area does appear to be indicative of a riparian system that is still functioning
adequately. According to Tyler and Ormerod (1994), “healthy dipper populations on
upland rivers throughout the world indicate healthy river ecosystems” (p. 201). If dippers
are absent from areas despite the availability of nest sites and the presence of such
physical characteristics as riffles, rocks, and shallow water for foraging, the water quality
and/or the condition of the stream are likely to be of poor quality. Because they are fairly
opportunistic feeders (Mitchell 1968, Sullivan 1973, Ealey 1977), managing for
American Dippers may not ensure the viability of other stream organisms; however, the
absence of dippers is likely to be indicative of a deterioration in stream quality that could
well affect other members of upland riparian communities. Whether or not American
Dippers are adopted as suitable bio-indicators, identifying those features that are most
important in determining dipper habitat selection and assessing both the types of impacts
that might negatively affect dippers and those that they may be able to withstand are,
nevertheless, important steps in allowing us to successfully monitor montane riparian
systems in western North America.
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Appendix 1. Corrected (Bonferroni) and uncorrected p-values for difference in stream substrate variables in dipper territories
vs. non-use areas. Differences were determined based on Mann-Whitney U-tests. Significant uncorrected and corrected
values are indicated in bold.

1996

Substrate Type
Mud
Silt
Sand
Gravel
Pebbles/rocks
Perching rocks
Boulders
Bedrock
Debris dam ^
Vegetation

Bottom Index

Includins Lolo
Uncorrected
Corrected
P-value
P-value'

1.000

1.000

0.068
0.323
<0.001
0.968
0.106
0.02!
0.441

0.884

1.000
0.002
1.000
1.000

1997

Excluding Lolo
Uncorrected
Corrected
P-value
P-value
0.798
0.016
0.116
<0.001
0.936

1.000
0.256

1.000
0.002
1.000

Including Lolo
Uncorrected
Corrected
P-value
P-value
0.065
0.003
0.045

0.522
0.055
0.450

0.001

0.020

0.143

1.000

0.116

1.000

0.483
0.573
0.092
0.093
0.830
0.546

0.087

1.000

0.017

0.256

0.045

---

0.294

1.000
» .

0.011
0.008
0.612
—-

0.187
0.144

1.000
—

Excluding Lolo
Uncorrected
Corrected
P-value
P-value
0.419

0.984
0.984
0.619
0.619
0.984
0.984

0.038
<0.001
0.019
<0.001
0.758
0.180
0.016
0.034
0.498
0.448

0.984
0.796
0.240
0.405
0.984
0.984

0.450

0.012

0.195

' Corrected p-va!ues based on a sequential Bonferroni multiple comparison test, which was applied separately to 1996 and 1997 data.
^ Presence of debris dams documented only in 1997.

0.002
0.264

0.002

Appendix la. Corrected (Bonferroni) and uncorrected p-values for difference in water flow-type variables in dipper territories
vs. non-use areas. Differences were determined based on Mann-Whitney U-tests. Significant uncorrected and corrected values
are indicated in bold.

1996
Type of
W ater Flow
Riffles
White water
Raging white water*
Glide (smooth water)
Deep pools
Shallow pools
Debris dam falls
Waterfall

Including Lolo
Uncorrected
Corrected
P-value
P-value*
0.058
0.025
0.027

0.112
0.425
0.963
0.064
0.071

0.528
0.350
0.351
0.560

1.000
1.000
0.528
0.528

Excluding Lolo
Uncorrected
Corrected
P-value
P-value

0.021
0.043

0.012
0.048
0.214
0.880
0.060
0.050

0.315
0.516
0.192
0.528
0.856

1.000
0.528
0.528

1997
Including Lolo
Excluding Lolo
Uncorrected
Corrected
Uncorrected
Corrected
P-value
P-value
P-value
P-value
0.057
0.031
0.015
0.944
0.094
0.165
0.413
0.041

0.504
0.341

0.210
1.000
0.658
0.990

1.000
0.410

0.056
0.016
0.006
0.491
0.013
0.644
0.389
0.026

Corrected p-values based on a sequential Bonferroni multiple comparison test, which was applied separately to 1996 and 1997 data.

0.504

0.210
0.096

1.000
0.195

1.000
1.000
0.312

Appendix lb. Corrected (Bonferroni) and uncorrected p-values for difference in levels o f cover in dipper territories and
non-use areas. Differences were determined based on Mann-Whitney U-tests. Significant uncorrected and corrected values
are indicated in bold.

1996

Level of Cover
No cover
>10% cover
10-50% cover
>50% cover

1 X ..

...

..

Including Lolo
Uncorrected Corrected
P-value'
P-value
0.235
0.271
0.288
0.141

1997

Excluding Lolo
Uncorrected Corrected
P-value
P-value

1.000
1.000
1.000

0.762
0.361

0.987

0.086

0.202

1.000
1.000
1.000
0.688

Including Lolo
Corrected
Uncorrected
P-value
P-value
0.856
0.059
0.108
0.118

1.000
0.413
0.432
0.432

Excluding Lolo
Uncorrected Corrected
P-value
P-value
0.752
0.044
0.072
0.080

1.000
0.352
0.432
0.432

..... . .

.u

oo

Appendix le . Corrected (Bonferroni) and uncorrected p-values for difference in levels o f different streamside land uses in dipper
territories and non-use areas. Differences were determined based on Mann-Whitney U-tests. Significant uncorrected and corrected
values are indicated in bold.

Type of Land use
Homes
Heavy grazing
Light grazing
Total grazing
Irrigation diversions
Presence of trash
Presence of roads

All use and non-use areas
Including Lolo
Excluding Lolo
Uncorrected Corrected Uncorrected Corrected
P-value*
P-value
P-value
P-value
0.497
0.725
0.551
0.644
0.966
0.966
0.119

1.000
1.000
1.000
1.000
1.000
1.000
1.000

0.856
0.899
0.146
0.233
0.952
0.952
0.589

1.000
1.000
1.000
1.000
1.000
1.000
1.000

Only non-National Forest use and non-use areas
Excluding Lolo
Including Lolo
Corrected Uncorrected Corrected
Uncorrected
P-value
P-value
P-value
P-value

0.888

1.000
1.000
1.000
1.000
1.000
1.000

0.006

0.168

0.429
0.902
0.539
0.531
0.286

0.535
0.965
0.164

0.221
0.274
0.982
0.088

1.000
1.000
1.000
1.000
1.000
1.000
1.000

' Corrected p-values based on a sequential Bonferroni multiple comparison test, which was applied jointly to the data from all use and non-uses and the data from
only non-National Forest use and non-use areas.

Appendix Id. Corrected (Bonferroni) and uncorrected p-values for difference in types o f roads in dipper territories and
non-use areas. Differences were determined based on Mann-Whitney U-tests. Significant uncorrected and corrected values
are indicated in bold.

ALL USE &
NON-USE
Road Type
No roads
Trail
Two-track
Dirt road
Paved road

ONLY NON-NF
USE & NON USE
Road Type
No roads
Trail
Two-track
Dirt road
Paved road

1996
Including Lolo
Excluding Lolo
Uncorrected Corrected Uncorrected Corrected
P-value*
P-value
P-value
P-value
0.006
0.144
0.170
0.856

0.110

0.114

0.083
0.054
0.501
0.416
0.501

1.000
1.000
1.000
1.000

1.000
0.864

1.000
1.000
1.000

1997
Excluding Lolo
Including Lolo
Uncorrected
Corrected Uncorrected Corrected
P-value
P-value
P-value
P-value
0.003
0.297
0.731
0.316

0.110

1.000
1.000
1.000
1.000

0.001
0.559
0.291
0.438
0.028

0.020
1.000
1.000
1.000
0.486

0.408

1.000
1.000
1.000
1.000

1997

1996
Including Lolo
Uncorrected Corrected
P-value*
P-value

0.024
0.153
0.636
0.961
0.468

0.057

Excluding Lolo
Uncorrected Corrected
P-value
P-value
0.027
0.243
0.901
0.720
0.309

0.486

1.000
1.000
1.000
1.000

Including Lolo
Uncorrected
Corrected
P-value
P-value
<0.001
0.521
0.795
0.174
0.066

0.002
1.000
1.000
1.000
1.000

Excluding Lolo
Uncorrected Corrected
P-value
P-value
0.004
0.422
0.798
0.695
0.313

0.072

1.000
1.000
1.000
1.000

‘ Corrected p-values based on a sequential Bonferroni multiple comparison test, which was applied jointly to the data from all use and non-uses and the data from
only non-National Forest use and non-use areas, but separately for 1996 and 1997 data.
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